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TRANSLATOR'S  preface. 


^TpHE  importance  of  chemical  knowledge 
•*  to  fociety,  and  the  favourable  reception 
which  the  following  work  has  met  with 
among  our  enlightened  neighbours,  render 
it  unnecefiary  to  mention  the  motives  that 
have  caufed  an  Englifh  tranflation  to  be  un- 
dertaken. A  very  few  words  will  likewife 
be  fufficient  to  explain  the  manner  in  which 
I  have  endeavoured  to  perform  my  duty  as 
tranflator.  The  original  has  been  as  clofely 
followed  as  the  genius  of  the  two  languages 
would  permit;  and  in  fuch  places,  as  a  greater 
liberty  has  been  taken,  it  will  be  invariably 
found,  that  the  fingle  purpofe  of  adhering 
with  fidelity  to  the  author's  meaning  has 
been  ftri&ly  kept  in  view.  I  have  likewife 
added  fome  Notes,  which  I  hope  will  be 
found  ufeful.  In  theie  I  thought  it  incum- 
it  on  me,  as  the  book  is  intended  for  be- 
ginners, to  avoid  all  controverfial  remarks 
on  the  theoretical  doctrines  contained  in 
the  text  :  neither  did  I  fuppofe  it  at  all 
neceffary  that  I  ihould  enter  into  hiftorical 
difcuflion.  But  as  it  is  certain,  that  the 
want  of  a  fpeedy  and  faithful  communication 
of  philofophical  difcovcrics  between  Great 
a  a  Britain 
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Britain  and  the  Continent,  together  with 
the  unprincipled  condudl  of  fuch  perfons  as 
are  daily  employed  in  endeavouring  to  ap- 
propriate to  themfelves  the  difcoveries  of 
others,  have  produced  many  hiftorical  mis- 
takes :  and  on  the  other  hand,  as  among  the 
variety  of  new  theories  of  chemiftry,  offered 
to  the  public,  few  have  been  exhibited  with 
a  proper  difcrimination  between  hypothefis 
and  matter  of  fait  -,  I  prefume  that  a  fhort 
account  of  fome  of  the  principal  changes, 
the  fcience  of  chemiftry  has  undergone  of 
late  years,  will  not  be  unacceptable. 

In  the  infancy  of  the  true  philofophy, 
when  the  fame  men  who  had  been  taught 
the  logomachia  of  the  fchools  began  to  draw 
inferences,  and  to  reafon  from  the  things 
around  them,  it  is  not  to  be  wondered  that 
their  reliance  on  the  power  of  the  human 
mind  was  greater  than  it  ought  to  have  been, 
and  that  they  were  not  aware  of  the  neceffity 
of  often  recurring  to  the  teft  of  experiment, 
in  order  to  detedt  the  unwarranted  conclu- 
fions  we  are  continually  making.  A  few  firft 
principles,  poffible  indeed,  but  not  proved, 
were  affumed  by  the  great  Des- Cartes  as  a 
foundation  for  a  complete  theory  of  the  uni- 
verfe.  From  thefe  he  deduced  fuch  fadts  as 
were  known  in  his  time.  The  facility  with 
which  the  author  of  a  favourite  hypothefis 
can  adapt  the  fadts  to  it,  was  not  then  known  ^ 
and  therefore  he  thought  it  a  good  argument 

to 
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to  urge  his  fuccefs,  *  as  a  proof  of  the 
truth  of  his  principles.  The  philofophers, 
who  have  fucceeded  him,  have  been  but 
too  much  inclined  to  follow  his  example. 
Where  the  principles  exifting  in  nature  are 
but  far,  .is  is  the  cafe  with  mechanics,  the 
greatefk  fuccefs  has  followed  the  application 
of  ftricl:  mathematical  reafbnine  to  thofe 
principles  ;  but  in  chemiftry,  where  they 
are  perhaps  numerous,  and  certainly  in  many 
refpecls  unknown,  the  imperfccl  theories, 
and  the  numerous  paralogifms,  with  which 
the  writings  of  philofophers  are  filled,  often 
induce  the  cautious  reader  to  wifli  that  they 
had  been  either  lefs  ready  in  making  their 
inferences,  or  more  attentive  to  the  ftridt 
verification  of  them  by  experiment. 

The  operations  of  chemillry,  taken  in  a 
loofe  and  general  fenfe,  confift  in  the  pro- 
ducing changes  in  bodies,  either  by  heating 
them,  or  by  prefenting  them  to  other  fluid 
bodies,  with  which  they  form  an  union. 
And  as  combuflion  is  the  mod  ufual  means 
of  railing  the  temperature  of  bodies,  the 
moft  important  part  of  chemical  fcience  muft 
conliit  in  a  knowledge  of  what  happens  in 

*  Sed  qui  advertent  quam  multa  de   magnete,   de  igne, 
de  totius  mundi  fabrica,  ex  paucis  quibufdam  principii 
deducta  Tint  ;  quamvis  ifta  principia  tantum  cafu  &c  On 
tione  a  me  aiTumpta  eife  putarent,  forte  tamen  .. 
vix  potuiiTe  contingere,  ut  tam   multa  : 
frifa  eiTent,     Principia  Tub  fine. 

a  ?  that 
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that  wonderful  procefs.  The  early  chemifts 
among  the  moderns,  borrowing  their  terms 
from  fuch  fubftances  as  appeared  eminently 
to  poflefs  certain  properties,  fuppofed  com- 
buftibility  to  depend  on  a  fulphur  contained 
in  bodies.  This  opinion  was  redtified,  and 
generalized  by  Beccher,  and  afterwards  by 
Stahl  ;  their  dodtrine  being  fimply,  that 
combuftible  bodies  contain  a  principle  called 
phlogifton,  which  uninflammable  bodies  do 
not,  and  that  combuftion  confifts  in  the 
efcape  of  this  principle. 

The  opinion,  that  a  principle  efcaped  from 
bodies  during  combuftion,  coincided  per- 
fectly with  the  common  notions  derived  from 
the  afcent  of  fmoke,  flame,  &c.  and  the 
comprehenfive  and  truly  philofophical  genius 
of  Stahl,  was  applied  in  adapting  it,  with  fo 
happy  a  facility,  to  the  leading  phenomena  of 
chemiftry,  that  it  became  univerfal  through- 
out Europe.  Difficulties  were  indeed  urged 
againft  it,  the  chief  of  which  were,  that  the 
principle  of  inflammability  had  never  been 
exhibited  alone,  and  that  fuch  bodies  as  did 
not  emit  vapours  in  fenfible  quantities,  were 
found  to  be  augmented,  inftead  of  diminifhed 
in  weight,  by  the  imaginary  lofs  of  one  of 
their  principles.  But  thefe  were  fuppofed 
to  be  removed,  by  the  obfervation  that  phlo- 
gifton never  quitted  an  inflammable  body, 
but  to  unite  with  another  of  the  uninflam- 
mable clafs ;  and  the  additional  weight,  gain- 
ed 
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cd  by  calcined  metals,  was  by  fome  fuppofed 
to  confift  in  the  matter  of  fire,  and  by  others 
to  arife  from  the  property  of  abfolute  levi- 
ty,  which  they  attributed  to  phlogifton. 

The  numerous  difcoveries  of  Dr.  Prieflley 
have  directed  the  attention  of  philosophers  to 
the  properties  of  bodies  in  the  aerial  or  per- 
manently elaltic  ftate;  and  in  the  rich  har- 
veft  of  difcovery  which  has  followed,  that 
great  man  has  continued  to  maintain  the  pre- 
eminence in  which  his  firft  fame  originated. 
It  was  from  his  experiments  that  Mr.  Kirwan 
deduced  the  opinion  that  inflammable  air,  in 
a  ftate  of  combination,  is  the  very  fubftance 
to  which  all  the  chara&ers  and  properties  of 
the  phlogifton  of  the  ancient  chemifts  be- 
long ;  and  this  opinion  was  rendered  ftill 
more  probable  by  a  fubfequent  feries  of  ex- 
periments, in  which  Dr.  Prieftley  revived 
metallic  calces,  by  heating  them  with  a  burn- 
ing glafs  in  inflammable  air. 

A  confiderable  number  of  modern  philo- 
fophers  had  obferved  the  necefllty  of  air  to 
maintain  combuftion  ;  but  Dr.  Prieftley  firft 
made  experiments  directed  to  this  objeft. 
His  capital  difcovery  of  pure,  vital,  or  de- 
phlogifticated  air,   is  of  the  higheft  value.* 

M.  La- 

*  Dr.  Prieftley  difcovered  this  air  on  the  firft  of  Auguft 
1774,  (fee  his  2d  vol.   P-.34-)  and  afcertained  its  proper*. 

in  the  courfe  of  the  following  year.     The  ^ 
Scheele,  whofe  lgfs  is  fevcrcly  felt  by  the  iciestijic  world, 
a  4.  znads 
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M.  Lavoifier  is  the  firft  who,  by  direct  and 
accurate  experiments,  proved  that  the  weight 
gained  by  metals  in  calcination,  correfponds 
with  that  of  the  air  they  abforb.  This  cir- 
cumftance,  together  with  the  difcovery  of 
the  compofition  of  water,  feems  to  have 
given  the  doctrine  of  phlogiflon  a  fhock,  at 
leaft  equal  to  the  advantage  it  derived  from 
the  difcovery  of  the  revival  of  metallic  calces 
by  inflammable  air.  For  it  was  an  inference 
eafily  made,  that  if  metals,  and  other  fub- 
ftances,  were  admitted  to  receive  air  in  cal- 
cination, and  to  recover  their  inflammability 
by  giving  it  out,  it  was  unneceffary  to  fup* 
pofe  a  principle  of  inflammability. 

The  powers  of  nature,  which  are  ever 
the  fame,  and  are  continually  performing 
their  operations  before  us,  whether  we  un- 
derftand  them  or  not,  often  prefent  facts  of 
the  utmoft  value  and  importance,  which  we 
overlook,  or  regard  with  indifference.  Hence 
it  happens,  that  when  an  enlightened  ob- 
ferver  makes  any  difcovery,  it  is  almoft  always 

made  the  fame  difcovery  before  the  middle  of  the  year  1775, 
Dr.  Prieftley's  book  not  being  then  publifhed.  Scheele's 
treatife  on  air  and  fire  was  not  publifhed  till  the  latter  part 
of  the  year  1777.  There  is  no  doubt  but  thefe  two  great 
philofophers  made  their  difcoveries  independent  of  each 
other,  and  without  the  knowledge  of  the  obfcure  hints  re- 
fpeding  this  kind  of  air,  which  John  Mayow  gave,  almoft 
a  century  before.  Confult  pages  xiii.  and  xl.  of  the  pre- 
liminary matter  to  the  Englifh  tranflation  of  Scheie's 
Chemical  Obfervations  on  Air  and  Fire,  by  J.  R.  Forfter, 

L.L.D.  &c.  Lr        1 

obferved 
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obferved  that  fomebody  has  fecn  the  fadi 
fore  him,  or  given  fome  confuted  hints  re- 
fpedting  its  theory.  It  is  evident,  howc\ 
that  the  fir  ft  dilcoverer,  if  there  be  any 
merit  in  difcovery,  is  not  the  man  who  finds 
the  treafure,  and  fuppofes  it  to  be  none; 
but  him  who  is  confcious  of  its  value,  and 
applies  it  to  ufe.  On  thefe  principles  it  is, 
that  the  claims  of  the  difcoverers  of  the 
compofition  of  water  muft  be  eftimated. 
The  fads  appear  to  be  as  follow. 

Previous  to  the  month  of  O&ober  1776, 
the  celebrated  Macqucr,  aiiiited  by  M.  Si- 
gaud  de  la  Fond,  made  an  experiment  by 
burning  inflammable  air  in  a  bottle,  without 
exploiion,  and  holding  a  white  china  lauccr 
over  the  flame.  His  intention  appears  to 
have  been  that  of  ascertaining  whether 
fuliginous  fmoke  was  produced;  and  he  ob- 
ferves  that  the  faucer  remained  perfectly 
clean   and  white ;   but   was  ra  i   with 

perceptible  drops  of  a  clear  fluid,  refembiing 
water,  and  which  in  fadl  appeared  to  him, 
and  his  afiiftant,  to  be  nothing  but  pure 
water.  He  does  not  fay  whether  any  teft 
was  applied  to  afcertain  this  purity,  neither 
does  he  make  any  remark  on  the  fad:.* 

In  the  month  of  September  1777,  Meflrs. 
Bucquetand  Lavoilicr,  not  being  acquainted 

*  Di£lionaire    de    Chymie,    2d   Edition,    Pari?,    J  ] 
Art,  Gas  Inflammable,  Vol,  II.  p.  314,  315. 

ith 
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with  the  fad,  which  is  incidentally  and  con-* 
cifely  mentioned  by  Macquer,  made  an  ex- 
periment to  difcover  what  is  produced  by 
the  combuftion  of  inflammable  air.  They 
fired  five  or  fix  pints  of  inflammable  air  in 
an  open  and  wide-mouthed  bottle,  and  in- 
ftantly  poured  two  ounces  of  lime-water 
through  the  flame,  agitating  the  bottle  dur- 
ing the  time  the  combuftion  lafted.  The 
refult  of  this  experiment  (hewed  that  fixed 
air  was  not  produced.* 

Before  the  month  of  April  178 1,  M. 
John  Warltire,  encouraged  by  Dr.  Prieftley, 
fired  a  mixture  of  common  and  inflammable 
air  in  a  clofe  copper  veifel,  and  found  its 
weight  diminished.  Dr.  Prieftley  likewife, 
before  the  fame  period,  fired  a  like  mixture 
of  inflammable  air  and  common  air,  and 
alfo  of  inflammable  air  and  dephlogifticated 
air,  in  a  clofed  glafs  veffel,  Mr.  Warltire  be- 
ing prefent.  The  infide  of  the  veffel,  though 
clean  and  dry  before,  became  dewy,  and  was 
lined  with  a  footy  fubftanccf-  Thefe  experi- 
ments were  afterwards  repeated  by  Mr.  Caven- 
difh,  and  by  Dr.  Prieftley,  and  'it  was  found 
that  the  diminution  of  weight  did  not  take 
place,  neither  was  the  footy  matter  perceived.  J 

*  Acad.  Par.   1781,  p.  470. 

f  Prieftley,  V.  395. 

J  Phil.  Tranf.  LXXIV.  126.  Dr.  Prieftley  fuppofed 
the  footy  matter  to  be  part  of  the  mercury  ufed  in  filling 
the  veffel.    Phil.  Tranf.  LXXIV.  332. 

Thefe 
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Thefe  circumftances,  therefore,  mufl  have 
arifen  from  fome  imperfection  in  the  appa- 
ratus or  materials,  with  which  the  former 
experiments  were  made. 

It  was  in  the  fummer  of  the  year  1781, 
that  Mr.  Henry  Cavendifh  was  bufied  in 
examining  what  becomes  of  the  air  loft  by 
phlogiftication,  and  made  thofe  valuable  ex- 
periments which  were  read  before  the  Royal 
Society  on  the  15th  of  January,  1784.*  He 
burned  500000  grain  meafures  of  inflamma- 
ble, with  about  2£  times  the  quantity  of 
common  air,  and  by  caufing  the  burned  air 
to  pafs  through  a  glafs  tube,  eight  feet  in 
length,  135  grains  of  pure  water  was  con- 
denfed.  He  alfo  exploded  a  mixture  of 
19500  grain  meafures  of  dephlogifticated, 
and  37000  of  inflammable  air,  in  a  clofe 
veflel.  The  condenfed  liquor  was  found  to 
contain  a  fmall  proportion  of  nitrous  acid, 
when  the  mixture  of  the  air  was  fuch  that 
the  burned  air  was  not  much  phlogilticated. 
This  great  philofopher,  who  may  be  confi- 
dered  as  the  true  diiboverer  of  the  compoii- 
tion  of  water,  appears   to  think,  with  Mr. 

*  Mr.  Lavoifier  relates,  that  Dr.  Blagden,  Sec.   R.  S. 
(who  was  prefent  at  the  performing  of  the  capital  experi- 
ment of  burning  inflammahJe  and  dephlogifticated  air  in  a 
clofed  veflel  on  the  24th  June,   1783)  informed  him, 
Mr.  Cavendifh  had  already  done  the  fame  ti  i  ob- 

tained water.     See  the  Memoirs  of  the  Royal  Ac~ 
at  Paris,  fgr  1781,  p.  472.  alfo  Phil.  Trani.  vol.  1 

Watt, 
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Watt,  that  in  thofe  experiments  of  Dr. 
Prieftley's,  in  which  the  vitriolic  and  ni- 
trous acids  feemed  to  be  converted  into  de- 
phlogifticated  air,  the  acids  ferved  only  to 
decompofe  the  water  by  depriving  it  of  its 
phlogiftic  part ;  but  he  thinks  it  unneceflary 
to  include  the  confideration  of  elementary 
heat,  as  Mr.  Watt  does,  becaufe,  in  his  opi- 
nion, it  is  more  likely  that  there  is  no  fuch 
thing,  and  that,  the  bringing  the  confide- 
ration forward  in  every  chemical  experiment, 
in  which  increafe  or  diminution  of  heat 
takes  place,  might  occafion  more  trouble 
and  perplexity  than  it  is  worth.* 

In  the  mean  time  M.  Lavoifier  continued 
his  refearches,  and  during  the  winter  of 
1781 — 1782,  together  with  M.  Gingembre, 
he  filled  a  bottle  of  fix  pints  with  inflammable 
air,  which  being  fired,  and  two  ounces  of 
lime-water  poured  in,  was  inftantly  flopped 
with  a  cork,  through  which  a  flexible  tube 
communicating  with  a  veifel  of  dephlogifti- 
cated  air  was  palfed.  The  inflammation 
ceafed,  except  at  the  orifice  of  the  tube, 
through  which  the  dephlogifticated  air  was 
prefled,  where  a  beautiful  flame  appeared. 
The  combuftion  continued  a  confiderable 
time,  during  which  the  lime-water  was  agi- 
tated in  the  bottle.  Neither  this,  nor  the 
fame  experiment  repeated  with  pure  water, 

*  Philofoph.  Tranf.  vol.  Ixxiv, 

and 
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and  with  a  weak  folution  of  alkali,  inftead 
cf  lime-water,  produced  the  defired  con- 
clufion  ;  for  thefe  fubftances  were  not  at  all 
altered. 

The  inference  of  Mr.  Warltire,  refpecting 
the  moifture  on  the  infide  of  the  glafs,  in 
which  Dr.  Prieftley  firft  fired  inflammable 
and  common  air,  was,  that  thefe  airs  by 
combuftion  depofited  the  moifture  they  con- 
tained. Mr.  Watt,  however,  inferred  from 
thefe  experiments,  that  water  is  a  compound 
of  the  burned  airs,  which  have  given  out 
their  latent  heat  by  combuftion  ;  and  com- 
municated his  fentiments  to  Dr.  Prieftley  in 
a  letter,  dated  April  26,  1783,*  and  he  con- 
cludes, that  in  every  cafe  wherein  dephlo- 
gifticated  air  was  produced,  water  has  been 
decompofed,  by  the  ufe  of  fome  fubftance 
which  had  a  llronger  attraction  to  its  phlo- 
gifton  than  is  poifeffed  by  the  dephlogifti- 
cated  air,  which  is  therefore  fct  at  liberty. 
He  repeated  fome  experiments  particularly 
with  a  view  to  decide  this  point,  and  in  fe- 
veral  of  them  the  quantity  of  dephlogifti- 
cated  air  added  to  the  acid  which  came  over, 
greatly  exceeded  the  original  weight  of  acid 
employed.  He  diflblved  magneiia,  calc 
ous  earth,  and  minium  refpeclivcly  in  pale 
nitrous  acid,  and  on  diftilling  to  drynel>, 
found  nearly  the  whole  of  the  nitrous  acid 

f  Fhilofoph.  Tranf.  vol.  bud  v.  p.  330. 

in 
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in  the  retort,  highly  phlogifticated.  Frdm 
common  nitre  the  dephlogifticated  air  was 
fixteen  times  the  weight  of  the  nitrous  acid 
which  was  miffing.  Mr.  Watt  has  there- 
fore a  claim  to  the  merit  of  a  difcoverer  with 
regard  to  the  compofition  of  water,  and  has 
the  advantage  of  priority  in  the  difcovery  of 
its  decompofition. 

It  does  not  appear*  that  the  compofition 
of  water  was  known,  or  admitted  in  France, 
till  the  fummer  of  1783,  when  M.  Lavoifier 
and  M.  de  la  Place,  on  the  24th  of  June, 
repeated  the  experiment  of  burning  inflam- 
mable and  dephlogifticated  air  in  a  glafs  vef- 
fel  over  mercury,  in  a  ftill  greater  quantity 
than  had  been  burned  by  Mr.  Cavendifh. 
The  refult  was  nearly  5  ||  gros  of  pure  wa- 
ter. M.  Mongejj  made  a  fimilar  experiment 
at  Paris,  nearly  at  the  fame  time,  or  perhaps 
before. 

The  theory  which  has  been  propofed  and 
explained  by  M.  Lavoifier,  wherein  fuch 
phenomena  as  chemifts  have  ufually  ac- 
counted for  by  the  difengagement  or  tranfi- 
tion  of  phlogifton,  are  explained,  merely  by 
the  engagement  or  contrary  tranfition  of  de- 
phlogifticated air,  or  its  bafe,  by  him  called 

*  Compare  Phil.  Tranf.  vol.  Ixxiv.  p.  138.  with  the 
Memoirs  of  the  Royal  Academy  at  Paris  for  1781,  pages 
472,  and  474. 

||  The  ounce  poids  de  marc  being  472.  2  gr.  troy,  this 
quantity  will  be  295  Englifh  grains. 

the 
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the  oxyginous  or  acidifying  principle,  is  am- 
ply explained  in  the  following  work.  This 
theory  received  a  great  acceffion  from  the 
diicovery  of  the  compofition  of  water,  as  I 
have  already  remarked;  for  it  was  eafy  to 
attribute  the  inflammable  air  which  is  difen- 
gaged  in  many  procelles  to  the  decompofi- 
tion  of  }  ,   which  is  undoubtedly  prefent 

in  mod  of  them,  inflead  of  fuppoiing  it  to 
come  from  fitch  bodies  as  former  chemifts 
had  imagined  to  contain  the  principle  of  in- 
flammability. In  the  month  of  September, 
1783,  M.  de  la  Place  communicated  to  M. 
Lavoifier  his  thoughts-]-  on  the  decompofi- 
tion  of  water,  which  from  M.  Lavoiiier's 
former  experiments  he  concluded  to  take 
place  in  metallic  folutions  ;  and  thefe  rea- 
fons,  added  to  M.  Lavoiiier's  own  reflec- 
tions, induced  him  to  purfue  the  fubjecT:  by 
a  new  feries  of  experiments. 

This  affiduous  and  accurate  philofopher 
firft  placed  a  quantity  of  iron  filings  and 
pure  water  in  the  upper  part  of  a  vefTel  in- 
verted over  mercury,  and  obferved  that  the 
iron  became  calcined,  inflammable  air  being 
at  the  fame  time  difengaged,  the  water  be- 
ing, as  he  fays,  truly  decompofed. '•  lie 
then  proceeded,  in  conjunction  with  M. 
ifnier,  to  pafs  the  ileam  of  v.  ate  r  through 
a  red  hot  iron  tube,  and  foum'.  (Be  iron 

t  Memoirs  of  the  R^yal  Academy  at  Paris,  1 7  8 1 ,  p.  4 
*  Ibid.  1781,  p.  271, 

was 


XVI      THE    TRANSLATOR'S    PREFACE. 

was  calcined,  and  inflammable  air  difengaged : 
and  the  fteam.of  water  being  pafled  over  a 
variety  of  other  combuftible  or  calcinable 
fubftances,  produced  firnilar  refults ;  the 
water  Hifappearing,  and  inflammable  air  be- 
ing disengaged;  Thefe  capital  experiments 
are  accounted  for  by  M.  Lavciiier,  and  fuch 
chemifts  as  do  not  admit  the  exiftenccof 
phlogifton,  by  fuppofing  the  water  to  be 
decompofed  into  its  component  parts,  de- 
phlogifticated  and  inflammable  air,  the  for- 
mer of  which  is  faid  to  unite  with  the  ignited 
fubftance,  while  the  latter  is  difengaged.  If 
it  were  allowable  to  place  much  dependance 
on  the  quantities  of  the  produds  in  experi- 
ments of  this  nature,  wherein  different  phi- 
lofophers  difagree,  the  refults  of  M.  Lavoi- 
fier,  which  anfwer  to  the  proportions  of  the 
two  principles  determined  in  the  compofi- 
tion  of  water,  would  add  much  force  to  his 
conclufions.  But  the  advocates  for  phlo- 
gifton contend,  that  the  water  unites  totally 
with  inflammable  or  calcinable  fubftances, 
and  fets  their  phlogifton  at  liberty.  If  the 
chemical  reader  will  attentively  perufe  the  va- 
luable papers  of  the  Anti-phlogiftians  in  the 
Journal  de  Rozier,  and  the  Memoirs  of  the 
Royal  Academy  at  Paris,  and  compare  them 
whh  K;frwan's  Treatife  on  Phlogifton,  Dr. 
Prieftley's  6th  volume  of  Experiments  and 
Obfervations,  and  more  efpecially  with  the 
latter  part  of  Mr,  Cavendifh's  paper  in  the 

74th 
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74th  volume  of  the  Philofophical  Tranfac- 
tions,  which  is  a  mafter-piece  of  precifion 
and  clearnefs,  he  will  fee  mat  the  deductions 
reipe&ing  the  exigence  or  non-exiflence  of 
phlogifion  in  the  fenfe  of  Stahl,  are  very  far 
from  being  conclufive,  becaufe  decifive  ex- 
periments are  wanting.  He  will  alfo  per- 
ceive, that  the  nomenclatures  of  the  old  and 
new  chemiftry,  founded  on  their  refpe&ive 
theories,  are  fo  interwoven  into  the  relation 
of  matters  of  fact,  as  to  have  produced  num- 
berlefs  paralogifms  on  either  fide;  and  that 
nothing  is  eafier,  in  general,  than  to  account 
for  chemical  phenomena  either  way. 

When  the  extenfive  nature  of  chemical 
fcience  is  attended  to,  we  have  more  reafon 
to  admire  the  rapid  fuccefs  of  our  co- tem- 
poraries, than  to  cenfure  their  errors  ;  but 
filence  is  equally  blamable,  becaufe  it  tends  to 
perpetuate  them.  I  fhall  therefore  conclude 
this  preface  by  obferving,  that  I  have  not,  in 
the  fubordinate,  though  ufeful,  office  of  tran- 
flator,  been  forgetful  of  that  refpedl  which 
is  due  to  the  writer,  whofe  work  I  have 
thought  proper  to  turn  into  Englifh.  I 
have  advanced  no  opinions  of  my  own  •>  nei- 
ther have  I  indecently  controverted  his  po- 
fitions.  It  appeared  neceflary  to  ftate  the 
facts  I  have  herementioned,  and  it  will  be  feen 
that  I  have  ftated  them  with  fidelity.  And  a- 
I  have  difplayed  none  of  that  mean  national 

Vol,  I.  '  b  partial 
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partiality,  which  combined  with  the  difficul- 
ty of  acquiring  a  perfedt  knowledge  of  what 
pafles  in  foreign  countries,  too  often  pro- 
duces mifreprefentations  of  fadts,  I  am  per- 
fuaded  that  the  candid  among  our  neighbours, 
as  well  as  the  learned  author  himfelf,  will 
receive  it  with  a  proper  degree  of  liberality. 

London,  Dec.  13.  1787. 
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PRELIMlNftft¥---DISCOURSE. 


Containing  a  port  Account  of  the 
Nature  and  Properties  of  Elaflic 
Fluids^  and  ferving  inftead  of 
Additions  and  CorreElions^  to  the 
FaEls  and  the  Chemical  Theory 
contained  in  this  JVork. 


A 


Lthough  the  new  difcoveries  made 
iince  the  end  of  the  year  1781,  the 
time  of  the  publication  of  the  firft  edition  of 
this  work,  have  rendered  it  neceflary  to  make 
confiderable  alterations  and  additions  in  this 
fecond  edition;  yet  the  time  of  its  going  to 
the  prefs  has  not  admitted  of  the  infertion 
of  many  very  important  facts  relative  to 
chemical  theory ;  more  efpecially  in  the 
places  they  ought  properly  to  have  occupied 
in  the  order  of  the  work.  I  have  therefore 
thought  proper  to  give  a  view  of  the  whole, 
that  iuch  as  are  defirous  of  entering  into 
the  ftudy  of  chemiflry  may  not  be  deprived 
of  them.  It  is  not  my  intention  to  give  an 
ample  detail  of  all  the  new  enquiries  irv 
which  modern  chemifts  are  engaged,  be- 
Vol,  I.  b  cauic 


XX11  PRELIMINARY    DISCOURSE. 

caufe  they  would  much  exceed  the  limits  of 
a  fupplement,  but  I  have  not  neglected  any 
fads  that  confiderably  influence  the  theory 
of  chemiftry;  and  as  feveral  of  thefe  are  fuch 
as  have  even  caufed  me  to  change  my  opi- 
nion with  refpeft  to  fome  of  the  general 
theories  propofed  in  this  work,  I  have 
thought  proper  to  give  the  new  fadls  in  a 
connected  manner,  under  the  title  of  an 
Account  of  the  Nature  and  Properties  of 
Elaftic  Fluids. 

Modern  chemifts  have  given  the  name  of 
elaftic  fluid  or  gas  to  bodies  which  have  the 
appearance  of  air,  though  they  do  not  poftefs 
all  its  properties ;  but  when  the  hiftory  of 
all  permanently  elaftic  fluids  is  attended  to, 
atmofpheric  air  is  ufually  comprehended 
amongft  them. 

Since  the  time  it  has  been  clearly  afcertain- 
ed  that,  in  a  great  number  of  chemical  opera- 
tions, many  of  thefe  elaftic  fluids  are  either 
difengaged  or  fixed,  the  attention  of  philo- 
fophers  has  been  directed  to  the  ftudy  of 
their  different  properties,  and  many  attempts 
have  been  made  to  determine  what  influence 
their  difengagement  or  fixation  may  have  on. 
natural  phenomena. 

Many  perfons,-  in  other  refpefts  very  emi- 
nent, have  haftily  adopted  the  opinion,  that 
thefe  bodies  are  nothing  more  than  com- 
mon air,  mixed  or  impregnated  with  differ- 
ent matters  in  a  vaporous  form.     In  confe- 

quence 
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quence  of  this  notion,   they  have  decidedly 
ailerted  that  theie  fluids  have  been  too  much 
attended  to,  and  that  their  newly  discovered 
properties    ought    not   to   be    conlidered   as 
having   any  influence   on  chemical   theory. 
We  ought   not   to   be  furprized  at  rinding 
this     repugnance,     and     even     opposition, 
amongft  the    learned,    to  the    reception   of 
theie  new  doctrines,   when  we  refledt,  that 
Stahl,    one  of   the   greateft  geniuies  of  his 
age,  entertained  the  fame  opinion  refpedting 
the  difcoveries  of  Hales  on  Air.    This  diffi- 
culty of  admitting  a  theory  fo  very  different 
from    that    of   the    ancients,    may   likewife 
arife  from  the  circumftance  that  the  greater 
number  of  the  works  in  which  this  part  of 
chemical  fcience  is  treated  of,  have  not  given 
a  very  accurate  flatement  of  the  general  na- 
ture,  formation,  and  fixation  of  thefe  elaf- 
tic  fluids.     The  theory  which  refpedts  them 
has  not  yet  been   clearly  developed,   but  in 
fome  particular  memoirs  of  Mr.  Lavoifier; 
and   the  hiftory  of  gafes  has  never  yet  been 
collected  into  one  work.      But  as  this  fub- 
jedt  is  one  of  the   higheft  importance,  and 
relates  to   a  great   number   of  phenomena, 
which  the  early  time  of  the  impreflion  of 
the  firft  volume  of  this  work  has  not  per- 
mitted me  to  infert  at  that  length,  and  with 
that  perfpicuity  it  deferves,  it  becomes  ne- 
ceffary  to  confider  it  in  this  place. 

b  2  §  i.  Con- 
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§  i.  Concerning  Light  and  Heat,  and  the 
Formation,  Difengagement,  and  Fixation 
of  Elaftic  Fluids* 

It  is,  at  prefent,  univerfally  acknowledged 
that  light  is  a  body,  exifting  independent  of 
all  other  fubftances,  and  poiTeffing  its  own 
charafteriftic    properties.     As  to  heat,  the 
proofs  of  its  exiftence  are  not  fo  well  efta- 
blifhed ;      and     many     philofophers     have 
thought  that  it  was  nothing  more  than  a 
modification,  which  all  bodies  are  fufcep- 
tible  of;   but  the  modern  experiments  on 
the  different  quantities  of  heat  contained  in 
bodies,   their  aptitude  to  abforb,  to  preferve, 
or  to  conduct  heat,  and  the  eledtive  attrac- 
tions   which     it    feems    to   follow,    render 
the  firfb    opinion   concerning    its  exiftence 
much  more  probable  than  ever ;  and  it  is 
certain  that  all  the  phenomena  obferved  in 
nature,    are   more  eafily  and  naturally  ex- 
plained according  to  this  opinion,  than  by 
that  of  Bacon.     It  will  therefore   be  pro- 
per to   mew    in    this    difcourfe,    firft,    the 
reafons    which   induced  me   to  prefer  this 
hypothefis    to    that   which   I   have  adopted 
in  the  firft  volume   of   this    work.     2dly, 
The   modifications  which  this    new  hypo- 
thefis  muft    produce  in  the  principal   the- 
ories of  chemiftry. 

The 
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The  fimple  and  uniform  laws,  by  which 
nature  appears  to  produce  the  phenomena  we 
behold  around  us,  feem  to  point  out  that 
there  is  but  one  body  which  can  be  coniider- 
ed  as  lire;  for  this  rcafon,  many  modern 
philosophers  conlider  light  and  heat  as  one 
fingle  fluid,  as  pure  fire,  but  in  two  differ- 
ent dates ;  it  is  light  when  the  particles  col- 
lected together,  and  in  polTeilion  of  their 
whole  attractive  force  uniaturated,  are  pro- 
jected with  immenie  velocity  ;  it  is  heat 
when  thefe  fame  particles  difperfed,  and 
divided  more  flowly,  and  with  a  tendency  to 
equilibrium.  According  to  this  theory,  heat 
may  become  light;  and  light,  on  the  other 
hand,  may  become  heat,  when  this  motion  is 
rendered  furriciently  flow.  It  cannot,  how- 
ever, be  denied  that  light  often  produces  ef- 
fects very  different  from  thofe  of  heat,  as  is 
feen  in  the  nitrous  acid,  aerated  muriatic  acid, 
metallic  calces,  and  the  leaves  of  vegetables  ; 
all  which  give  out  vital  air  when  expofed  to 
the  fun's  rays,  though  heat  alone  has  no 
effect  in  difengaging  that  fluid  from  them. 
Thus  it  is  likewife  found  that  the  light  of 
the  coals,  which  paries  through  veflels  ig- 
nited in  the  fire,  changes  the  nature  of  the 
products,  as  was  firft  obferved  by  myfelf  in 
the  former  edition  of  this  work.  Modern 
chemifts  admit  heat  as  a  principle,  and  in- 
form us  that  all  natural  bodies  contain  dif- 
b  3  ferent 
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ferent  quantities  of  this  fluid.     One  of  the 
principal    effeds    of   this    combined    heat, 
which  all  bodies  feem  capable  of  containing 
in   different    quantities,    in    their    different 
ftates  of  aggregation,   is   to  change  and  to 
modify  the  ftates   of  bodies.     In  order  to 
understand    this    phenomenon,   it   mufl   be 
obferved,  that  there  are  two  kinds  of  heat,, 
or  rather,  that  heat  itfelf  exifts  in  two  differ- 
ent ftates  in  all  natural  fubftances ;   the  one 
a  ftate  of  intimate  combination,   in  which 
heat  is  called  latent,   becaufe  it  is  not  fen- 
fible ;  the  other  ftate  is  that  in  which  it  is 
fimply  diffeminated  :    heat  in  this  laft  ftate 
may  be  driven  out  by  preflure  alone,   or  by 
mechanical  means.    Thus  it  is  that  when  a 
bar  of  iron  is  ftruck,   and  its  particles  are 
by  that  means  made  to  approach  each  other, 
part  of  its  heat  efcapes  in  the  fame  manner 
as  water  iftues  out  of  a  wet  fpunge.  Heat,  in 
a  ftate  of  true  combination,   does  not  leave 
the  body  it  is  combined  with,    but  in  con- 
fequence  of  new  chemical  combinations.  All 
folid  matters,  which  contain  thefe  two  kinds 
of  heat,   are  capable  of  receiving  a  greater 
quantity  both  of  one  and  of  the  other,  and  the 
additional  quantity  caufes  the  particles  to  re- 
cede more  and  more  from  each  other.   Its  firft 
effect  is  the  foftening  of  the  folid  body;  its 
fecond,   in   proportion   as   its  quantity  be- 
comes greater,  is  fufion  or  liquefaction;  its 

third, 


PRELIMINARY     DISCOURSE.       XXV11 

third,  flill  fuppofing  an  augmentation  of 
quantity,  is  the  production  of  elaflic  fluidity. 
Thus  water  in  the  form  of  ice  is  foftehed  by 
a  certain  degree  of  heat,  as  appears  by  its 
being  lefs  elaflic ;  a  greater  degree  of  heat 
melts  it;  and  laftly,  it  becomes  flill  more 
fluid,  if  the  term  may  be  ufed,  when  a 
flronger  degree  of  heat  reduces  it  into 
vapour  :  fo  that  the  vapour  of  w&ter  may 
be  faid  to  contain  a  total  fum  of  heat, 
confifting  of  the  quantity  neceilary  to  con- 
flitute  ice  of  a  certain  denfity,  added  to 
the  quantity  neceilary  to  produce  the  flate 
of  liquidity  ;  and  laflly,  the  quantity  ne- 
ceilary to  maintain  the  flate  of  elaflic  flui- 
dity. 

This  general  theory  may  be  applied  to 
all  the  bodies  in  nature;  there  is  no  one 
which  may  not  be  confidered  as  capable 
of  pafiing  through  all  thefe  flates  by  the 
affiftance  of  a  fufficient  degree  of  heat,  and 
as  far  as  relates  to  this  property,  they  do 
not  appear  to  differ  from  each  other,  but  in 
the  quantities  of  heat  neceilary  to  produce 
the  changes  refpedlively  in  each.  It  is  for 
want  of  a  fufficient  degree  of  heat,  that 
rock  cryflal  can  neither  be  melted  *,  nor 
brought  into  the  vaporous  flate;  and  it  is 
no  more  difficult  to  conceive  the  pofiibility 

*  See  note  on  p.  217.  vol.  1. 

b  4  of 
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of  this  being  effected,  than  it  is  to  conceive 
that  the  fluid  we  always  fee  in  a  ftate  of 
elasticity,  namely,  the  air  may  acquire  a 
great  degree  of  folidity,  as  in  fadt  happens 
in  many  combinations. 

It  is  eafy  on  thefe  principles  to  explain 
the  formation  of  elaftic  fluids,  which  takes 
place  whenever  bodies   receive  and  abforb 
fufficient  quantities  of  heat.     All  aeriform 
fluids    owe    their    elaftic     property    to    the 
matter  of  heat;    but  the  prefTure  of  fur- 
rounding  bodies,   and  more  efpecially  that 
of  the  air,  is  required  to  be  removed  or  di- 
minished before  this  ftate  of  extreme  dilata- 
tion can  take  place,    and  if  the  weight  of 
the  atmofphere  be  entirely  removed,  as  hap- 
pens in  the  vacuum  of  the  air  pump,  a  body 
at  a  much  lower  temperature  than  would  have 
been  neceffary  to  have  produced  the  elaftic 
ftate  in  the  open  air,  may  immediately  be- 
come elaitic.     This  accounts  for  the  more 
rapid  evaporation  which  takes  place  on  lofty 
mountains,  and  hence  we  may  perceive  the 
neceflity  of  mentioning  in  the  account   of 
experiments,    at    what    degree    of  external 
prefTure  bodies  have  taken  the  form  of  e- 
laftic  fluid,  or  at  leaft   the   degree  of  pref- 
fure  under  which  they  can  preferve  it.  For  it 
muft  be  obferved,  that  all  bodies  capable  of 
taking  this  ftate  of  elaftic  fluidity  are  not 
equally  difpofed  to  preferve  it,   and  that  in 

this 
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this  refpedl  the  differences  between  them  are 
lb  great,  that  they  have  been  diftinguifhed 
into  permanent  and  non-permanent.  The 
former  remain  elaftic  during  a  very  long 
fpace  of  time,  and  till  ibme  combination 
takes  from  them  the  matter  of  heat  necef- 
fary  to  maintain  their  ftatc;  the  l  which 

are  denoted  by  the  name  of  vapour,  loll;  the 

lie  fluidity  by  a  degree  of  pre  flu  re  or  re- 
frigeration eafy  to  be  determined,  and  give 
out  to  all  the  iurrounding  bodies  the  matter 
of  heat,  which  maintains  their  aeriform 
ftate:  fuch  are  water,  fpiritb  of  wine,  ether, 
acetous  acid,  &cc. 

After  thefe  details  it  mull  be  obferved, 
firft,  that  every  elaftic  fluid  is  compounded 
of  a  bafe  more  or  lefs  folid,  and  the  matter 
of  heat.  Secondly,  that  each  of  thefe  bales  re- 
quire more  or  lefs  heat  to  reduce  them  into 
the  ftate  of  vapour  or  elaftic  fluid  -,  and  that 
it  is  doubtlefs  in  confequence  of  thefe  pro- 
perties that  all  elaftic  fluids  differ  from  each 
other  in  their  fpecific  gravity,  elafticity,  ccc. 

Mr.  Lavoifier  h:is  explained  this  theory  in 
a  very  pcrfpicuous  manner,  in  a  memoir 
printed  among  thole  oi  the  academy  in  1777. 

Though  we  have  divided  elaftic  fluids 
into  permanent  and  non-permanent,  it  mult 
be  obferved,  that  this  diftinclion  does  not 
really  exift  in  nature,  that  it  relates  only  to 
the  heat   and   degree  of  preflure  which  are 

experienced 
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experienced  in  our  climates,  and  in  moll  of 
the  habitable  parts  of  the  globe ;  and  that 
if  the  cold  and  preflure  were  more  confider- 
able,  thofe  fluids,  which  are  now  taken  to 
be  the  mod  permanent,  would  foon  ceafe  to 
befo;  and  in  the  fame  manner,  for  the  con- 
trary reafon,  ether  and  fpirit  of  wine  would 
become  permanently  elaftic  fluids  at  a  certain 
height  in  the  atmofphere,  or  at  the  high 
temperatures  of  certain  climates,  fituate  be- 
neath the  equator,  &c. 

The  matter  of  heat,  which  contributes  to 
the  formation  of  permanently  elaflic  fluids, 
is  intimately  combined  with  them,  or  latent, 
and  does  not  become  fenfible,  till  thefe  bodies 
lofe  this  fluidity  by  combining  with  other 
fubftances.  This  phenomenon  is  a  confe- 
quence  of  the  general  law  we  have  eftabliih- 
ed,  that  all  bodies  when  they  become  more 
denfe,  fuflfer  their  heat  to  efcape.  When- 
ever an  aeriform  fluid  or  gas  combines  in 
fuch  a  manner  as  to  become  liquid  or  folid, 
it  lofes  a  great  quantity  of  the  matter  of  heat 
it  before  contained,  and  in  order  that  it  may 
pafs  to  this  ftate  of  denfity,  it  is  neceflary 
to  prefent  a  body  which  has  a  greater  affinity 
with  its  bafe  than  that  bafe  has  with  heat. 
Such  in  general  is  the  caufe  of  the  fixation 
of  elaflic  fluids;  it  may  be  further  obferv- 
ed,  that  each  of  thefe  fluids  lofes  or  fuffers 
the  difengagement  of  different  quantities  of 
heat,  accordingly  as  it  becomes  more  or  lefs 

folid 
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folid  in  its  new  combination,  or  according- 
ly as  that  combination  is  capable  of  retain- 
ing more  or  leis  fpecihcheat.  Thisobfervation 
ferves  to  explain  the  difference  between  the 
feveral  kinds  of  combination,  which  are  more 
or  lefs  rapid,  accompanied  with  greater  or 
lefs  heat,  and  leave  relidues  of  various  de- 
grees of  iblidity,  according  to  circumftances. 
Laftly,  If  preflure  and  cold  be  the  two 
means  of  condenfing  all  elaftic  fluids,  we 
may,  perhaps,  by  employing  ftrong  degrees 
of  both,  fucceed  in  cauling  them  to  lofe 
their  gafeous  ftate,  and  obtain  the  bales  fepa- 
rate  and  pure,  by  excluding  the  matter  of 
heat  which  kept  them  in  folution.  By  this 
means  we  mould  become  acquainted  with 
the  bafes  of  vital  air,  of  mephitis,  of  inflam- 
mable air,  &c.  This  has  already  been  done 
with  fuccefs  in  one  inftance  by  Mr.  Monge, 
who  has  reduced  the  fulphureous  gas  to  a 
ftate  of  liquidity  by  the  application  of  a 
great  degree  of  cold. 

§  2.  Concerning  the  methodical  Divifion 
or  Clarification  of  permanently  Elaftic 
Fluids. 

The  permanently  elaftic  fluids  are  fo  nu- 
merous, as  to  render  it  necefTary  to  clafs  them 
methodically,  or  to  difpofe  them  in  fuch 
order  as  may  fhew  their  refpedive  fimilarity 
or  differences, 

I  divide 
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I  divide  thefe  fluids  into  four  claries.  In 
the  firft,  I  place  thofe  which  are  capable  of 
maintaining  combuftion  and  refpiration  ;  in 
the  fecond,  thofe  which  cannot  maintain 
either  of  thefe  proceffes,  and  are  not  of  a 
faline  nature;  the  third  contains  the  faline 
gafes;  and  the  fourth  the  inflammable  gafes. 
All  the  elaftic  fluids  hitherto  known,  are  ar- 
ranged in  the  following  tables,  according  to 
this  method  of  difpofition. 

ift     CLASS. 

Elaftic  fluids  capable  of  maintaining  com- 
buftion and  refpiration. 
Species  I.     Vital  air. 

II.     Atmofpheric  air. 

2d     CLASS. 

Elaftic  fluids  which  are  incapable  of  main- 
taining combuftion  or  refpiration,   and  are 
not  of  a  faline  nature. 
Species  III.     Mephitis. 

IV.  Nitrous  air. 

V.  Aerated  marine  gas,  or  dephlo* 

gifticated  marine  acid  gas. 

3d     CLASS. 

Elaftic  fluids  which  are  incapable  of  main- 
taining combuftion  or  refpiration,  and  which 
are  of  a  faline  nature. 

Species 
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Species  VI.     Cretaceous  acid   gas   or   fixed 
air. 
VII.  Sulphureous  acid  gas. 
VlT[.   Fluor  acid  gas,  or  fparry  acid. 

IX.  Muriatic  acid  gas. 

X.  Alkaline  gas. 

4th     CLASS. 

Elaftic  fluids  incapable  of  maintaining 
combuflion  or  refpiration,  and  which  are  in- 
flammable. 

Species  XI.     Aqueous  inflammable  gas,   or 
pure  inflammable  gas. 

XII.  Hepatic  gas. 

XIII.  Phofphoric  gas. 

XIV.  Mephitized  inflammable  gas. 

XV.  Cretaceous  inflammable  gas. 

XVI.  Carbonaceous  inflammable  gas. 

§  3.  Concerning  the  Nature  and  principal 
Characters  of  the  feveral  Kinds  of  lilal- 
tic  *  Fluids. 

1.     Vital    air,    called    by    its    difcov.* 
Dr.  Prieftley,    dephlogifticated  air,   and  by 
lbme  other  Englim  writers  empyreal  air,  or 

*  Part  of  the  following  confifts  of  repetitions  of  fome 
part  of  the  work  itfelf,  but  it  fecmed  dcfu-ble  to  bring  them 
together  in  one  point  of  view,  and  to  conned  them  \ 
facts  difcovered  fince  the  printing   of  the   work.      '! 
newly  difcovered  facts  arc  more  particularly  enlarged  on 
in  the  prefent  difcourfe. 

the 
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the  principium  forbile,  is  now  obtained  from 
a  variety  of  fubftances.  Precipitate  per  fe  or 
calx  of  mercury,  red  precipitate  or  mercury 
calcined  by  the  nitrous  acid,  the  precipitates 
of  different  mercurial  falts  by  cauftic  alka- 
lis, minium  moiftened  with  nitrous  acid, 
nitres  with  alkaline  or  earthy  bafes,  lunar 
nitre,  manganefe,  either  alone  or  moiftened 
with  vitriolic  acid,  the  dephlogifticated  ma- 
rine acid  of  Scheele,  or  aerated  marine  acid 
of  the  French  chemifts,  acetated  mercury, 
arfenicated  zink  afford  this  fluid  in  various 
quantities  by  the  action  of  light  and  heat,  its 
difengagement  being  manifeftly  owing  to  this 
laft  agent.  It  does  not  exift  entire  in  all 
thefe  bodies,  as  in  fad:  they  contain  nothing 
more  than  its  folid  bafe,  which  is  melted  by 
the  heat,  and  put  into  the  ftate  of  elaftic 
fluidity;  the  metallic  calces  being  revived 
in  proportion  as  this  fluid  is  difengaged. 
Vital  air  is  likewife  obtained  from  the  leaves 
of  plants  immerfed  in  water  impregnated 
with  the  cretaceous  acid,  and  expofed  to 
the  con  tad:  of  the  fun's  rays. 

Vital  air  is  often  mixed  with  a  fmall 
quantity  of  mephitis.  This  fluid,  when 
obtained  from  precipitate  per  fe  or  manga- 
nefe, and  by  means  of  the  leaves  of  plants, 
does  not  contain  mephitic  air. 

Vital  air  is  rather  heavier  than  the  air  of 
the  atmofphere.  It  is  the  only  elaftic  fluid 
capable  of  maintaining  combuftion,   and  is 

three 
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three  times  as  efte&ual  as  atmofpheric  air  in 
this  procefs.  That  is  to  lay,  a  body  which 
requires  four  cubic  feet  of  atmofpheric  air 
to  be  completely  burned,  will  require  no 
more  than  one  cubic  foot  of  vital  air  for  the 
fame  purpofe.  Combuftion  in  this  laft  fluid 
is  made  with  an  exceflive  heat  and  light : 
thefe  two  phenomena  arife  from  the  rapid 
feparation  of  fire,  which  quits  the  bafe  of 
this  air,  in  proportion  as  the  bafe  itfelf  be- 
comes fixed  in  the  bodies  which  are  burned. 
There  are  inftances  of  combuftions  effect- 
ed  by  this  air,  wherein  heat  only,  and  not 
light,  is  difengaged.  This  takes  place  when 
the  difengagement  is  made  ilowly  and  fuc- 
ceffively,  fo  that  the  matter  of  fire  does  not 
move  with  great  rapidity.  Vital  air  is 
equally  effectual  in  the  procefs  of  refpiration  ; 
but  as  a  great  quantity  of  heat  is  difengaged,  it 
mould  feem  that  this  high  degree  of  purity 
would  be  productive  of  noxious  effects  in 
the  animals  which  refpire  it,  by  rarefying 
the  blood  too  much,  and  augmenting  the 
rapidity  of  its  circulation. 

The  bafe  of  vital  air  combined  with 
charcoal,  with  fulphur,  with  phofphorus, 
with  mephitis,  with  a  particular  oil,  with 
arfenic,  £cc.  conftitutes  the  cretaceous  or 
carbonaceous,  the  vitriolic,  the  phofphoric, 
the  nitrous,  the  faccharine,  and  the  arle- 
nical  acids.  From  this  property  it  is  that 
Mr.  Lavoifier  calls  its  bafe  the  oxyginous 

principle ; 
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principle  ;  and  Mr.  De  Morveau,  the  aci- 
difying principle.  It  muft  be  obferved,  firft, 
that  thefe  combinations  do  not  always  take 
place  when  the  combuftible  bodies  are  plung- 
ed cold  into  vital  air,  and  that  it  is  neceffary 
at  leaft  for  their  rapid  production,  that  the 
temperature  be  more  or  lefs  elevated;  fe- 
condly,  that  this  bafe,  or  oxyginous  prin- 
ciple, enters  in  different  proportions  in- 
to the  compounds,  in  order  to  produce  a 
complete  faturation ;  and  that  the  com- 
pounds are  different  according  to  the  quan- 
tities of  the  component  parts  ;  thirdly,  that 
its  affinity  for  thefe  different  fubftances  is 
not  the  fame  in  all,  fo  that  phofphorus  takes 
the  oxyginous  principle  from  the  arfenic 
acid,  and  charcoal  takes  it  from  the  phof- 
phoric  acid,  &c.  Fourthly,  that  when  this 
principle  paffes  from  one  of  the  bodies,  in 
which  it  was  fixed  and  unelaftic,  into  ano- 
ther, a  kind  of  flow  combuflion  takes  place, 
which  is  not  attended  with  light,  becaufe 
the  oxyginous  principle  is  in  the  ftate  of 
privation  of  the  greateft  part  of  its  fire. 

The  bafe  of  vital  air,  or  the  oxyginous 
principle,  united  to  the  bafe  of  inflammable 
gas,  conftitutes  water,  and  compounded 
with  metals  forms  metallic  calces  ;  char- 
coal decompofes  water  and  metallic  calces, 
becaufe  it  has  a  greater  affinity  with  the 
oxyginous  principle,  than  the  latter  has  with 
inflammable  gas  and  metals. 

Vital 
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Vital  air  diicolours  vegetable  and  an: 
fubftances  ;    v  i    by  fat   oils,   it 

thickens  them,  and  c  proach 

the  ftateofwax;  in  combination   with  the 
muriat:  :,   and    the   acid  of  \  r,   it 

forms  the  aerated  or  dephlogilticated  muri- 
atic acid  and  radical  vinegar. 

The  ftrong  light  of  the  fun  has  the  pro- 
perty of  difengaging  the  oxyginous  princi- 
ple ia  the  form  of  vital  air,  from  many  of 
its  combinations,  as  the  calces  of  mercury, 
the  nitrous  acid,   ecc. 

II.  Atrnofpheric  air,  or  common  air,  is  a 
compound  of  the  vital  air  before  defcribed, 
and  mephitis  3  ioo  parts  of  this  air  con- 
tains 72  parts  of  mephitis,  and  28  parts  of 
vital  air.  Hence  it  will  eafily  be  under- 
ftood,  why  no  mere  than  one  fourth  of 
a  given  quantity  of  vital  air  is  abforbed 
during  combuftion;  and  likewiie  why  the 
phenomena  of  combuftion  is  effected  in 
this  atrnofpheric  air  more  (lowly,  and 
with  the  difengagement  of  a  left  quantity 
of  heat  and  light  than  in  vital  air.  But 
it  mult  be  likewiie  obferved,  that  there  is 
not  perhaps  any  kind  of  combuftion  in 
which  the  28  parts  of  vital  air  are  entirely 
abforbed  and  fixed  in  the  combuftiblc  bo- 
dy :  and  that  the  aeriform  refidue  of  the 
atrnofpheric  air,  which  has  ferved  the  pur- 
pofe  of  combuftion,  never  coniiiU  of  pure 
mephitis;  even  in  fuch 

Vol.   I.  c  bu: 
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burned  remains  in  a  fixed  and  folid  ftate, 
and  does  not  all  mix  with  the  elaftic  fluids 
and  much  lefs  is  the  mephitic  refidue  in  a 
ftate  of  purity,  when  the  bodies  burned  un- 
der vefl'els  filled  with  atmofpheric  air  give 
out  a  refidue  in  the  permanent  aeriform 
ftate,  as  charcoal,  and  all  the  organic  mat- 
ters which  contain  that  fubftance,  do.  A 
great  number  of  bodies  alter  the  atmofphe- 
ric air,  and  abforb  vital  air.  We  are  not 
yet  acquainted  with  any  bodies  which  have 
the  property  of  renewing  and  purifying  the 
air  of  the  atmofphere,  except  the  leaves  of 
vegetables,  which  pour  out  vital  air  dif- 
engaged  from  the  cretaceous  acid  and  water, 
by  the  decompofition  effected  in  confequence 
of  the  aftion  of  the  fun's  light. 

III.  The  mephitis,  which  exifts  in  great 
quantities  in  the  atfmofphere,  is  diftin- 
guifhed  by  this  peculiar  name  by  Mr.  La- 
voifier,  becaufe  it  very  quickly  deftroys 
animal  life,  and  extinguishes  combuftion ; 
and  likewife,  becaufe  this  name  has  not  yet 
been  ufed,  except  very  generally,  without 
being  applied  to  any  fubftance  in  particu- 
lar. It  is  the  fame  elaftic  fluid  which  Dr. 
Prieftley  called  phlogifticated  air,  becaufe  he 
thought  that  it  was  nothing  but  air  altered 
by  phlogifton,  difengaged  from  bodies  in 
combuftion,  or  from  odoriferous  bodies ;  or 
in  fhort,  by  all  the  operations  of  nature  and 
art,  which  he  calls  phlogifticating  proceffes. 

But 
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But  it  is  now  afcertaincd,  that  this  fluid 
cxifts  ready  formed  in  the  atmofphere,  and 
is  developed  in  proportion  as  the  vital  air 
is  abforbed.  Modern  philofophers  have 
made  the  mod  important  difcoveries  re- 
fpe&ing  this  elaftic  fluid  :  there  are  feve- 
ral  means  of  procuring  it  in  a  itate  of  pu- 
rity, but  the  procefs  ufually  employed  coniifts 
in  that  of  expoiing  liver  of  fulphur  in  the  li- 
quid flate  to  a  given  quantity  of  atmofpheric 
air  under  a  glafs  veilel.  The  liver  abforbs 
the  vital  air  by  degrees,  and  when  the  ab- 
forption  is  complete,  the  pure  mephitis  re- 
mains. Mr.  Scheele  is  the  inventor  of 
this  procefs.  Mephitic  air  is  likewife  ob- 
tained, according  to  the  difcovery  of  Mr. 
Berthollet,  by  treating  mufcular  flefh,  or 
the  fibrous  part  cf  the  blood  well  waihed 
in  an  apparatus  proper  to  receive  the  aeri- 
form fluid  which  is  produced  :  but  it  is  ne- 
ceffary  that  theie  animal  matters  fhould  be 
very  frefh ;  for  if  they  arc  at  all  altered  by 
putrefaction,  they  emit  the  cretaceous  acid 
mixed  with  mephitis.  I  have  difcovered 
that  the  bladders  of  carp,  in  which  Dr. 
Prieftley  had  before  obferved  noxious  air, 
are  full  of  this  kind  of  fluid,  and  that  it  is 
eafily  collected  by  breaking  them  underneath 
glafs  veffels  filled  with  water. 

lephitis  is  heavier  than  atmofpheric  air. 

It  inftantly  extinguifhes  a  lighted  taper,   and 

very  quickly  deprives  animals  of  lire,   when 

c   2  plunged 
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plunged  in  it.  Mixed  with  vital  air  in  the 
proportion  of  72  to  28,  it  forms  artificial 
atmofpheric  air.  If  it  be  added  to  the  vital 
air  in  a  greater  proportion,  it  constitutes  an 
elaftic  fluid  noxious  to  animals.  Neither 
water,  earths,  nor  acids,  have  any  fenfible 
action  on  this  air.  Yet  it  feerns  capable 
of  being  abforbed  by  the  nitrous  acid, 
which  it  renders  fuming.  Mr.  Cavendilh 
has  difcovered  that  3  parts  of  mephitis 
mixed  with  7  parts  of  vital  air,  and  ex- 
pofed  to  the  paffage  of  the  electric  fpark, 
is  gradually  condenfed,  and  produces  the 
nitrous  acid  :  an  experiment  which  cle?.rly 
exhibits  the  theory  of  the  formation  of  this 
acid  in  the  atmofphere.  Mr.  Berthollet, 
in  decompofing  the  volatile  alkali,  either  by 
the  nitrous  acid,  or  by  the  aerated  muriatic 
acid,  or  in  the  detonation  of  fulminating 
gold,  has  found  that  the  alkali  confifts  of  5 
parts  of  mephitis,  and  one  of  inflammable  air. 
He  has  likewife  difcovered  that  animal  mat- 
ters contain  much  mephitis,  and  that  it  is 
the  combination  of  this  mephitis  with  the 
inflammable  gas,  which  forms  the  volatile 
alkali  obtained  by  the  action  of  fire,  and 
by  putrefaction  -y  that  the  plants  which  af- 
ford this  fame  fait  by  diftillation,  owe  its 
formation  to  the  mephitis  they  contain ; 
and  that  they  are  juflly  entitled  to  the 
name  of  animal  plants,  which  fome  che- 
mifts  have  given  them.     I  have  fince  af- 

certained, 
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d,   firft,   that  of  all   animal    mat: 
fibrous    part    is    th  ich    furnil 

the  grcateft  quantity  o£  mephitis,  by  the 
application  or"  the  nitrous  acid  ;  fccond, 
that    after  putrefaction    .  no 

longer   attainable,    bat   that  a  great   qu 
titv  of  volatile  alkali   is   produced. 

TllL 

phitis  are  more  particularly  entitled  to  the 
attention  of  phylicians  ;  they  throw  gr  t 
light  on   the   difference   betw<  getable 

and  animal  matters,  on  the  formation  of  vo- 
latil  li,    on    putrefaction,    and  on   the 

caule  of  the  production  of  the  nitrous  acid 
by  putrid  animal  matters. 

As  this  claftic  fluid  has  been  confound 
by  certain  writers  with  the  cretaceous  acid, 
it  mult  be  recollected  that  the  mephitis  has 
neither  fmell  nor  tafte  in  any  fenlible  deg: 
that  it  is  not  fo  heavy  as  this  aeriform  acid, 

t  it  does  not  redden  the  tincture  of  turn- 
fole,  nor    precipitate  the   lime    from    lime- 

tet. 

IV.   Nitrous   gas  was   known   to   1 1         ; 
but  Dr.   Prieftley  was  the  Aril  philofopher 
who  paid  a  proper  attention  to  its  diilinctive 
characters.      This  elaftic  fluid   is  di 
during    the  action    of   a  ber   of 

combuftible  bodies   on    the    nitrous    acid  ; 
more  especially  metals,   oih, 
fpirit  of  wine  :    it  exting". 
prives  animals  of  life,    is    neither  acid 
c  3  al 
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alkaline,  and  is  not  altered  by  pure  water ; 
with  pure  air  it  forms  again  the  nitrous  acid, 
becaufe  it  is  itfelf  nothing  elfe  but  the  ni- 
trous acid  deprived  of  a  part  of  the  oxygi- 
nous  principle,  and  confequently  compofed 
of  mephitis  and  theoxyginous  principle,  but 
containing  more  of  the  former,  and  lefs  of 
the  latter  than  the  nitrous  acid  itfelf.  Hence 
arifes  the  difference  between  the  feveral  fpe- 
cimens  of  this  gas,  according  to  the  propor- 
tions of  mephitis  and  pure  air  which  it 
contains ;  and  hence  the  uncertainty  which 
eudiometric  experiments  are  liable  to.  It 
will  be  eafily  underftood  from  thefe  circum- 
ilances,  why  in  many  cafes,  and  efpecially 
when  a  body  very  greedy  of  the  oxyginous 
principle  is  employed  to  obtain  nitrous  gas, 
and  which  abforbs  much  of  that  principle 
for  its  faturation,  a  nitrous  gas  is  obtained, 
containing  mephitis  difengaged,  and  fome- 
times  the  product  is  nothing  elfe  but  mephi- 
tis. Laftly,  it  is  to  the  lame  property  of 
nitrous  gas,  that  the  Angular  effed:  of  liver 
offulphuron  this  gas  is  to  be  attributed. 
A  folution  of  the  liver,  placed  under  a  glafs 
veffel  full  of  nitrous  gas,  quickly  abforbs  a 
part ;  the  remainder  no  longer  becomes  red 
by  the  contadl  of  atmofpheric  air,  but  main- 
tains combuftion  better  than  the  air  of  the 
atmofphere  :  it  is  in  fad:  air,  fomewhat 
more  pure  than  common  air ;  the  proportion 
of  vital  air  to  mephitis  is  more  confidera- 

ble; 
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ble;  but  if  the  hcpar  be  fufTered  to  conti- 
nue its  action  on  the  gas,  all  the  vital  air  is 
readily  abforbed,  and  the  refidue  is  pure 
mephitis.  We  muft  like  wile  obferve,  that 
nitrous  gas  produces  a  green  colour  in  flame, 
before  it  extinguifhes  it;  and  that  in  a  great 
number  of  inftances  this  colour  is  produced 
by  fuch  aerial  compounds  as  contain  the 
mephitis. 

Thefe  leading  properties  of  nitrous  gas, 
and  in  particular  its  rapid  combination  with 
pure  air,  indicate  its  analogy  with  combuf- 
tible  bodies;  and  Macquer  has  remarked,  that 
the  artificial  fixation  of  the  nitrous  acid, 
which  takes  place  in  the  mixture  of  thefe 
two  gales,  is  a  kind  of  combuftion.  But  as 
this  appearance  is  not  accompanied  with 
flame,  I  have  not  judged  it  proper  to  rank 
the  nitrous  gas  among  the  inflammable 
gales. 

V.  The  aerated  muriatic  gas,  or  dephlo- 
gifticated  muriatic  gas  of  Scheele,  is  ob- 
tained with  great  facility  during  the  mutual 
action  of  the  native  calx  of  manganele,  and 
the  muriatic  acid  :  it  is  known  that  this 
production  of  a  peculiar  gas  is  due  to  the 
tranfition  of  the  bale  of  pure  air,  or  the 
oxyginous  principle  of  the  calx  of  manganeie 
into  the  muriatic  acid.  This  gas  alw 
has  a  yellow  greeni'"  ir,   with  a  ltrong 

and  penetrating  find!  ;   it  is  not  acid,  extin- 
guiihes    flame,  and  quickly   deflroy^   am       I 
c  4  life  ; 
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life;  difcolours  dyed  fluffs,  the  tincture  of 
turnfole,  fyrup  of  violets,  and  vegetables, 
by  reducing  them  to  a  white.  It  difco- 
lours, and  even  blanches  yellow  wax,  &c. 
It  decompofes  the  volatile  alkali,  which  may 
therefore  be  ufed  as  a  prefervative  againft  its 
noxious  effects;  it  feparates  the  mephitis, 
in  proportion  as  the  oxyginous  principle  of 
the  muriatic  gas  unites  with  the  inflammable 
gas  of  the  volatile  alkali,  with  which  it  forms 
water.  It  thickens  fat  oils,  calcines  me- 
tals, not  excepting  mercury  and  gold,  and 
diffolves  in  water,  to  which  it  communi- 
cates all  thefe  properties.  The  contact  of 
light  gradually  decompofes  it,  and  reduces 
it  to  the  ffate  of  pure  muriatic  acid. 

The  formation  of  the  aerated  muriatic 
acid,  and  its  gas,  is  one  of  the  moft  Angular 
difcoveries  of  modern  chemiftry  ;  this  dif- 
covery  fhews  that  the  habitude  of  the  mu- 
riatic acid  with  combuftible  bodies  is  abfo- 
lutely  contrary  to  that  of  the  other  acids  : 
all  thefe  falts  appear,  in  fact,  to  be  decom- 
pofed  by  many  metals,  which  have  in  gene- 
ral a  ftronger  attraction  for  the  oxyginous 
principle,  than  exifts  between  this  laft  and 
the  combuftible  bafes  of  the  acids.  The 
muriatic  acid,  on  the  contrary,  is  not  decom- 
pofed  by  metals,  which  cannot  deprive  it  of 
its  oxyginous  principle;  and  in  confequence 
of  this  property,  it  does  not  appear  to  act 
en  the  greater  part  of  them ;  its  bafe,  nearly 

difcovered, 
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difcovered,  not  only  attracts  the  acidifying 
principle  with  great  force,  but  is  even  ca- 
pable of  taking  it  from  many  metallic  cal- 
ces, as  has  been  initanced  in  the  calx  of 
mangancij.  An  excels  of  the  oxygjuious 
principle  takes  away  its  acidity,  which  is 
contrary  to  what  happens  with  many  other 
combuftible  bodies.*  This  excels  rend 
it  capable  of  acting  on  fuch  mc  B  in  its 

ordinary  itate  it  does  not  affect ;  fuch  in 
particular  are  the  regulus  of  antimony,  mer- 
cury, filver,  and  gold.  In  proportion  as 
thefe  metals  deprive  it  of  the  excels  of  the 
oxyginous  principle,  they  become  calcined, 
and  are  diffolved  in  the  muriatic  acid,  which 
recovers,  at  the  fame  time,  its  fir  it  itatc. 
Thefe  calcinations  and  metallic  folutions,  by 
the  aerated  muriatic  acid,  are  made  without 
eftervefcence,  like  the  folution  of  a  fait  in 
kef  ;  becaufe  the  metal  gradually  takes 
away  the  fuperabundant  oxvginous  principle 
from  the  liquid,  without  being  nccerhtated  to 
difengage  the  combullible  bafe.    1  pro- 

perties of  the  murbtic    acid,   and   more  es- 
pecially the  reduction  of  the  metallic  cah 
fee  in   to   point   out    that    it    contains    fome 
principle  of  an  oily  natu 

*  It  mud  be  remarked  in  this  place,  that  the  nan: 
:nous  principle  docs  not  fecm  in  all  c  unth 

the  bafe  of  air,  fince  its  combination  does  not 
acids;  and  fince  ;  id  of  its 

aciditv.      T. 

VI. 


xlvi  PRELIMINARY    DISCOURSE, 

VI.    The  cretaceous  acid  gas,  originally 
called  fixed  air  by  Dr.  Black,  who  firft  dif- 
covered  it  in  chalk  and  alkali,  requires  the 
moft  attentive  confi deration.  *We  fhall  con- 
fine  ourfelves   at   prefent   to  the    enumera- 
tion of  the  effect  which  the  difcovery  of  the 
properties  of  this   elaftic   fluid  has  had  on 
the  whole  of  chemical  fcience.  Firft,  it  has 
added   one   to    the  number    of  acids.     Se- 
condly, it  has  fhewn  the  caufe  of  the  effer- 
vefcence  which  mild  alkalies,  chalk,  calca- 
reous   fpar,    and    magnefia,    produce    with 
ftronger  acids  than   itfelf.     Thirdly,  it  has 
caufed  a  diftinction  to  be  made  of  all  alka- 
line matters  into  two  ftates,    the  ftate   of 
purity  or  caufticity,  and  the  mild  ftate,  hav- 
ing the  property  of  effervefcence.    Fourthly, 
it  has  greatly  enlightened  the  hiftory  of  the 
elective  attractions  of  acids  for  volatile  alkali 
and  lime.  Fifthly,  it  exhibits  the  firft  inftance 
of  an  acid,  which  prefers  lime  to  fixed  alka- 
lies.    Sixthly,    the  hiftory  of  mephitic  ca- 
verns, in  which  animals  cannot  live,  is  be- 
come very  clear  and  fimple,  in  confequence  of 
this  difcovery.    Seventhly,  the  analyfis  of  wa- 
ters has  been  rendered  more  perfect  from  the 
accurate  knowledge  of  fuch  as  are  called  gafe- 
ous,  fpiritous,  acidulous,  and  in  confequence 
of   that  knowledge   we  have    fucceeded   in. 
perfectly  imitating  them.     Eighthly,  it  has 
thrown  great  light  on  the  folution  of  iron 
in  many  waters,  and  on  the  means  of  pro- 
curing 
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curing  martial  waters  entirely  fimilar  to 
thofe  in  nature.  Ninthly,  It  his  exhibited 
a  clafs  of  l  \  earthy,   alkaline,  and  me- 

tallic falts,  in  which  the  cretaceous  acid  is 
a  principal  part  ;  and  which  are  diltinguifli- 
cd  in  this  work  by  the  name  of  chalks. 
Laflly,  it  has  opened  a  new  field  to  the 
refearches  of  chemills  and  natural  philo- 
fophers,  and  has  given  new  ardour  to  thofe 
who  made  thefe  difcoveries.  The  name  of 
Black  will  be  ever  memorable  in  the  ann  lis 
of  chemiftry,  and  will  endure  as  long  as  the 
Science  itfelf. 

The  formation  of  the  cretaceous  acid  by 
the  union  of  charcoal  and  the  bafe  of  pure 
air,  as  ailerted  by  Mr.  Lavoilier,  is  at  pre- 
fent  admitted  by  many  French  chemiits. 
This  theory  explains  all  the  phenomena  re- 
lative to  the  production  of  this  elaftic  fluid, 
fince  it  is  known  that  plumbago  confifts  of 
charcoal  united  to  a  fmall  portion  of  iron. 
That  fume  metals,  particularly  iron,  contain 
in  many  cafes  plumbago  already  formed. * 

As 

*  Meflrs.  Vandermonde,  Along c,  and  Bcrthollet,  have 
made  a  feries  of  experiments  concerning  the  principal  (rates 
in  which  iron  exiftt,  and  have  determined  that  their  differ- 
ence depends  on  the  quantity  of  plumbago,  and  of  the  o 
ginous  principle  they  contain.  They  conlidcr,  i .  call  iron  as 
iron,   a  part  of  which  Hill  retains  the  oxyginous  prin< 
and  is  combined  with  various  dofes  of  plumbago.   ? . 
iron  as  the  purelt  of  all,  or  the  nearest  to  the  pci 
tallic    ftatc,   containing  the  \   polliblc   quantity  of 
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As  to  the  production  of  this  acid  by  the 
electric  fpark  in  vital  air,  it  muft  be  ob- 
ferved,  that  in  the  experiments  of  Mr, 
Landriani,  the  iron,  which  ferved  as  a  con- 
ductor to  the  electric  fluid,  is  the  caufe  of 
this  phenomenon  by  virtue  of  the  plumbago 
it  contained,  and  the  fmall  quantity  of  acid 
produced  is  an  additional  proof  that  this  ex^ 
plication  is  well  founded.  There  are,  doubt- 
Jefs,  many  cafes,  in  which  the  cretaceous 
acid  is  decompofed  and  refolved  into  its  prin- 
ciples like  the  other  acids.  Thus  it  is,  for 
example,  that  water,  charged  with  this  acid, 
is  much  better  adapted  for  the  production  of 
vital  air  by  means  of  leaves  expofed  to  the 
rays  of  the  fun  ;  becaufe  the  vegetable  orga- 
nization abforbs  the  carbonaceous  principle, 
while  the  light,  acting  like  heat,  contributes 
to  the  feparation  of  the  oxyginous  principle 
in  the  form  of  vital  air.  It  is  null  more  re- 
markable, that  certain  calces  of  iron,  dif- 
tilled  in  the  pneumatic  apparatus,  afford 
only  the  cretaceous  acid  in  pafling  to  the 
ftate  of  iEthiops  or  black  calx  of  iron.    This 

plumbago ;  from  which,  however,  this  metal  is  never  to- 
tally deprived.  ?.  Steel  as  a  compound  of  iron,  perfectly 
reduced  with  more  or  lefs  plumbago.  Note  of  the  author. 
The  author  ought  not  to  have  omitted  mentioning  Berg- 
man, by  v/hofe  experiments,  given  in  his  invaluable  Trca- 
tife  de  Analyfi  ferri,  the  foregoing  facts  were  originally 
afcertained  ;  more  efpecially  as  the  ingenious  chemifts  here 
cited  do  not  appear  either  from  neceflity  or  inclination  dif- 
pofed  to  conceal  the  claims  of  that  great  philofopher.    T. 

depends 
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depends  on  the  coal  or  the  plumbago 
many  fnecies   of  iron   contain.      This  prin- 
ciple  takes  up  a   portion    of  the  oxyginous 
ciple,  and  both  form  the  cr  .id. 

VII.  The  fulphureous  acid  gas,  named  vi- 
triolic acid  air,  by  Dr.  Prieftley,  is  formed 
whenever  a  combuliible  body  takes  away  a 
part  of  the  oxyginous  principle,  which  is 
united  to  fulphur  in  the  vitriolic  acid.  It 
.is,  therefore,  to  be  nothing  but  fulphur 
united  to  a  quantity  of  the  oxyginous  prin- 
ciple lefs  than  that  with  which  it  conftitutes 
vitriolic  acid  ;  it  is  a  kind  of  middle  fub- 
ftance  between  this  laft  and  fulphur  ;  it  is 
likewiie  formed  when  fulphur  burning  flowlv 
abforbs  but  a  fmall  quantity  of  the  bale  of 
the  pure  air  contained  in  the  atmofphere. 

The  fulphureous  gas  is  very  foluble  in 
water;  it  deitroys  many  vegetable  colours; 
and  in  this  character  it  refembles  the  aerated 
muriatic  acid.  So  that  its  oxyginous  prin- 
ciple feems  to  be  cither  totally  or  nearly  dif- 
engaged.     When  united  with  ftlka!  rfes, 

the  fulphureous  acid  gas  forms  neutral  falts 
different  from  thofe  which  are  formed  by  the 
vitriolic  acid,  both,  in  their  figure,  their  tafte, 
and  more  efpccially  in  the  property  o! 
decompofed   by   the   more  feeble  aci 

opting  ev  of  vinegar.     The   ful- 

phureous  ncu  dually  abforb 

ginous  principle  of  the  atmofphere, 

do 
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do  not  then  differ  from  falts  formed  by  the 
vitriolic  acid  itfelf. 

As  the  metals  which  reduce  the  vitriolic 
acid  into  the  ftate  of  fulphureous  acid  gas  do 
not  effect  this,  but  by  the  afliftance  of  a  cer- 
tain degree  of  heat,  it  appears  that  this  de- 
compofition  is  the  confequence  of  a  double 
attraction.  In  fact,  while  the  metal  tends 
to  abforb  the  oxyginous  principle  of  the  vi- 
triolic acid,  and  becomes  calcined,  the  heat 
combines  with  the  fulphur  and  a  portion  of 
the  oxyginous  principle,  and  thus  produces 
the  fulphureous  gas.  But  this  gas  is  one 
of  thofe  which  has  been  fixed  or  condenfed 
into  the  liquid  ftate  by  mere  refrigeration ; 
and  from  this  circumftance  we  may  form  a 
general  conclufion  refpedting  the  permanency 
of  the  elafticity  of  thefe  fluids. 

VIII.  The  fluor,  or  fparry  acid  gas  of 
Dr.  Prieftley,  is  obtained  from  fluor  or  vi- 
treous fpar  by  means  of  the  vitriolic  acid. 
The  characteriftic  property  of  the  fparry 
acid,  is  to  diflblve  and  volatilize  in  its  elas- 
tic ftate,  the  quartzofe  earth  which  it  feizes 
from  glafs  veffels.  With  alkaline  bales  it 
forms  falts,  totally  different  from  thofe  of 
the  other  acids ;  and  it  has  not  yet  been  de- 
termined that  it  is  a  modification  either  of 
the  vitriolic,  or  of  the  muriatic  acids  ;  though 
feveral  chemifts  have  maintained  this  opinion. 
Its  principles  are  not  known,  more  particu- 
larly its  bafe;  but  the  prefence  of  the  oxygi- 
nous 
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nous  principle  is  admitted  in  this  as  well  a9 
in  all  the  other  acids. 

IX.  The  muriatic  acid  gas  of  Dr.  Prieft- 
ley  is  eafily  obtained,  by  heating  fpirit  of 
fait,  or  liquid  muriatic  acid  in  a  retort,  whole 
neck  is  plunged  beneath  a  veflel  filled  with 
mercury.  It  may  like  wife  be  obtained  in 
the  fame  apparatus,  by  heating  a  mixture  of 
common  fait  and  oil  of  vitriol.  This  elaftic 
fluid  has  a  ftrong  and  penetrating  ftnell.  It 
nguimes  candles,  deftroys  the  life  of  ani- 
mal?, reddens  blue  vegetable  colours,  ab- 
forbs  the  vapours  of  water  which  float  in  the 
air,  and  forms  with  them  a  white  fume.  In 
liquid  water  it  becomes  difiblved,  and  lofes 
that  heat  which  maintained  its  elaftic  flate. 
It  caufes  ice  to  melt  with  great  rapidity,  by 
reafon  of  the  heat  it  gives  out  the  ififtant  of 
its  combination  with  water.  It  is  abforbed 
by  charcoal  and  by  fpunge  ;  unites  with  all 
the  alkaline  bafes,  and  forms  muriatic  falts  ; 
and  difiblves  camphor.  The  nature  of  this 
air  is  not  yet  well  known  ;  neither  has  any 
one  yet  fucceeded  in  feparating  the  oxygi- 
nous  principle  from  its  bafe.  It  does  not 
adt  on  metals,  which  confequently  are  inca- 
pable of  decompofing  it,  as  they  do  the  other 
acids.  Thefe  properties  ihew,  that  the  li- 
quid muriatic  acid,  or  fpirit  of  fait,  is  no- 
thing more  than  an  acid  fixed  in  the  w; 
of  whofe  liquidity  it  participate**  It 
not  yet   been  accurately  determined  at  what 

degree 
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degree  of  heat  and  preffure  it  acquires,  and 
preferves  the  ftate  of  elaftic  fluidity.  Thefe 
fads,  together  with  thofe  which  conftitute 
the  hiftory  of  the  aerated  muriatic  gas,  tend 
greatly  to  explain  the  folution  of  metals  by 
this  acid,  and  its  fmall  degree  of  adtion  oa 
oils,  fpirit  of  wine,  &c. 

X.  The  alkaline  gas,  difcovered  by  Dr. 
Prieftley,  is  difengaged  by  heat  from  the 
volatile  fluor  alkali,  and  ftill  more  readily 
from  the  mixture  of  common  fal-ammoniac 
with  quick  lime.  This  fluid  collected  in 
glafs  veiTels  over  mercury,  is  fomewhat  hea- 
vier than  atmofpheric  air;  it  has  not  been 
determined  at  what  degree  of  cold  or  preffure 
it  lofes  its  aeriform  fluidity.  It  unites  with 
water,  giving  out  at  the  fame  time  much 
heat.  It  melts  ice,  converts  the  fyrop  of 
violets,  and  blue  and  red  flowers  to  a  green ; 
and  combines  rapidly  with  the  acid  gafes  of 
chalk,  fulphur,  and  common  fait.  Thefe 
combinations  are  attended  with  much  heat, 
which  immediately  abandons  the  two  elaftic 
fluids  at  the  inftant  that  they  become  folid. 

Alkaline  gas  is  rapidly  decompofed  by  the 
contad:  of  aerated  muriatic  gas,  the  decom- 
pofition  being  attended  with  heat.  Water 
charged  with  the  muriatic  acid  is  formed, 
and  the  aeriform  mephitis  remains.  This 
experiment,  as  well  as  many  others  already 
cited,  fhews,  that  the  volatile  alkali  is  com- 
pofed  of  inflammable  gas  and  mephitis.  The 

decom- 
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decompofition  of  ammoniac  rr  of  ful- 

initiating  gold,  which  produce  water  by 
ns  of  the  action  of  fire;  the  reduction 
of  the  metal,  and  the  mephitis  obtained, 
ftill  further  prove  that  the  volatile  all 
compofed  of  the  principles  here  mentioned. 
In  fact,  the  inflammable  gas  contained  in  the 
alkali,  having  more  affinity  with  the  ox\ 
nous  principle  than  the  copper  and  the  gold 
e,  takes  it  from  the  calces  of  thefe  metals, 
forms  water,  leaving,  at  the  fame  time, 
the  mephitis  in  a  ftate  of  liberty.  The 
calces  of  zink  and  of  iron,  which  decom- 
pofe  water  in  their  metallic  ilate,  do  not  de- 
compofe  the  volatile  alkali  in  the  fame  man- 
ner; becaufe  thefe  metals  have  a  greater  af- 
finity with  the  oxyginous  principle  than  the 
latter  has  with  the  inflammable  gas. 

XI.  Pure,  or  aqueous  inflammable  gas, 
univerfally  known  by  the  improper  name  of 
inflammable  air,  is  the  lighteft  of  all  the 
aeriform  fluids.  When  it  is  very  pure,  it 
is  thirteen  times  lighter  than  atmofpheric 
air;  extinguifhes  fire;  kills  animals ;  takes 
fire*  by  the  contact  of  the  electric  fpark,  or 
any  combuftible  body  already  in  a  ftatc  of 
iticn  ;  and  burns  with  a  brilliant  fla) 
irteen  parts  of  this  gas  in  weight  ablbrb 
eighty-fix  of  vital  air,  during  their  complete 
combuftion  ;  and  very  pure  water  is  formed, 

*  Provided  vital  air  be  prefent.     T. 

Vol.   I.  d  provided 
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provided  thefe  two  fluids  themfelves  be  in  a 
{late  of  purity.  All  fubftances,  which  have 
a  greater  affinity  with  one  of  thefe  two  prin- 
ciples <3f  water  than  they  have  with  each 
other,  decompofe  this  liquid.  Thus  it  is, 
that  iron,  zink,  charcoal,  and  oils,  decom- 
pofe water,  and  feparate  the  inflammable 
gas,  becaufe  thefe  bodies  have  more  affinity 
with  the  bafe  of  the  vital  air,  or  the  oxygi- 
nous  principle,  than  this  laft  has  with  the 
inflammable  gas.  Hence  it  is  clear,  that 
the  inflammable  gas  qwinot  decompofe  the 
cretaceous  acid,  and  the  calces  of  zink  and 
of  iron.  On  the  contrary,  fulphur,  and  the 
metals  which  do  not  decompofe  water,  give 
out  the  oxyginous  principle  they  contain 
when  in  the  ftate  of  vitriolic  acid,  or  of 
metallic  calces,  to  the  inflammable  air;  by 
which  means  the  firft  is  reduced  to  the  ftate 
of  fulphur,  and  the  fecond  to  the  metallic 
ftate.  It  is  this  decompofition  of  water  by 
iron  and  zink,  which  is  the  caufe  of  the  in- 
flammable gas  produced  during  the  folution 
of  thefe  two  metals  in  the  vitriolic,  muriatic, 
cretaceous,  and  acetous  acids. 

The  leaves  of  vegetables,  on  the  contrary, 
poflefs  the  property  of  abforbing  the  inflam- 
mable gas  of  water,  and  permitting  the  oxy- 
ginous principle  to  become  difengaged  in  the 
ftate  of  pure  air.  Light  contributes  much 
to  this  decompofition,  which  does  not  take 
plaqe  without  its  contact  -,  it  feems  to  melt, 

or 
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or  give  fluidity  to  thcoxyginous  principle,  and 
caufes  it  to  become  pure  air.  In  proportion 
as  this  air  is  dii  ,  the  inflammable  gas 

becomes  fixed  in  the  plant,  and*doubtlefs 
caufes  the  production  of  oil.  It  is  not  yet 
known  what  fubftances  inflammable  air  com- 
bines with  in  order  to  form  oils. 

Inflammable  gas  combined  with  mephitis, 
conltitutes  the  volatile  alkali,  as  we  have  al- 
ready obferved.  This  compofition  has  been 
analvtically  demonstrated  by  Mr.  Berthollet, 
but  he  has  not  yet  fucceeded  in  compofing 
the  volatile  alkali  by  the  direct  union  of 
thefe  two  bodies. 

The  matter  of  heat  contained  in  inflam- 
mable gas  has  not  yet  been  feparated,  ex- 
cept in  fuch  cafes  as  this  body  enters  into 
a  compound  ftate ;  the  bafe  of  this  aeriform 
fluid  is  therefore  unknown.  The  preffure 
and  the  degree  of  cold  neceflary  to  effect  this 
feparation  are  not  yet  in  our  power;  and 
every  experiment  ferves  to  lhew  that  both  the 
one  and  the  other  mull  be  in  the  extreme 
to  produce  this  erTec.t. 

It  is  to  the  hidden  difengagement  and  ra- 
pid inflammation  of  this  gas,  that  all  the 
fulminations  and  detonations  obferved  in 
chemiflxy  are  to  be  attributed,  and  the 
initantaneous  recompolition  of  water  is  very 
often  the  refill t  of  thefe  detonations. 

Inflammable  gas    is  greatly  -concerned    in 
the  phenomena  of  nature.     It   is   produced 
d   2 
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and  difengaged  in  large  quantities  in  mines.- 
It  reduces  and  colours  many  metallic  cal- 
ces. When  elevated  in  the  atmofphere, 
it  is  tranfported  by  the  winds,  and  fet  on 
fire  by  electricity,  where  it  confequently 
conftitutes  a  part  of  the  lightning ;  and 
in  its  detonation  immediately  forms  water, 
which  falls  on  the  earth. 

The  inflammation  of  this  gas  by  the  elec- 
tric fpark  is  one  of  thofe  moft  curious  phe- 
nomena, whofe  caufe  is  the  leaft  under- 
ftood.  The  fame  difficulty  occurs,  when  we 
confider  the  power  of  the  electric  fpark  to 
fix  the  mixture  of  pure  air  and  mephitis  in 
the  form  of  nitrous  acid. 

XII.  Hepatic  gas  has  been  well  diflin- 
guifhed  from  the  other  inflammable  gafes 
by  Bergman.  It  is  obtained  from  livers 
of  fulphur,  or  folid  hepars,  decompofed 
by  means  of  acids  in  the  pneumatic  ap- 
paratus. This  aeriform  fluid  has  a  very 
fetid  odour.  It  kills  animals,  and  turns 
the  fyrup  of  violets  green.  Vital  air  preci- 
pitates the  fulphur.  It  takes  fire  by  the 
electric  fpark,  and  by  the  contact:  of  in- 
flamed bodies,  burning  with  a  reddifh  blue 
flame,  fulphur  being  at  the  fame  time  de- 
pofited  on  the  fides  of  the  veifels.  The 
fmoking  nitrous  acid,  and  the  fulphureous 
acid  decompofe,  or  deftroy  its  elaftic  fluidity, 
and  feparate  the  fulphur.  This  gas  unites 
with  water  |  but  the  folution  is  decompofed 

by 
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by  expofurc  to  the  air,  and  by  the  fame  aci 

>mpofe  the  gai  itfclr.     Hepatic  ' 

gives  a  deeper  colour  to  the  calces  of  lead 
and  bifmuth,  and  even  reduces  them.  It 
precipitates  muriatic  iblutions.  Some  me- 
tals, and  in  particular  mercury  and  iilver, 
feparate  the  fulphur,  (o  that  it  cannot  be 
transferred  in  veifels  over  mercury  without 
a  great  part  of  it  being  decompofed. 

All  thefe  phenomena  fhew,  that  this  gas 
contains  fulphur  in  a  ftate  of  extreme  divi- 
fion.  Mr.  Gengembre,  who  has  analyzed 
it,  thinks  it  coniifts  of  pure  or  aqueous  in- 
flammable gas  and  iulphur.  It  is  the  diflb- 
lution  or  fufpeniion  of  this  laft,  that  g; 
it  its  diftinctive  characters.  The  fulphur, 
notwithstanding  its  ftate  of  extreme  divi- 
fion,  does  not  burn  at  the  fame  time  as  the 
inflammable  gas,  but  is  depoiited  in  part 
during  the  combuflion  of  the  latter. 

It  is  this  gas  which  mineralizes  the  ful- 
phureous  or  hepatic  waters.  The  ordinary 
acids  do  not  precipitate  the  fulphur  ;  but 
the  fuming  nitrous  acid,  and  the  iulphureous 
acid,  in  which  the  oxyginous  principle 
not  ftrongly  adherent,  feparate  the  fulphur, 
while  they  abforb  the  inflammable  air. 

The   knowledge  of  hepatic    gas  expl 
many  difficulties   relating  to   the  nature  of 
fulphur.     Firft,    we    know    why    the   (olid 
hepar  has   fcarcely   any   fmcll,  and  why   it 
emits  fo  itrong  a  fmcll  when  it  io  moifte:. 

d   3  :ondly, 


lviil  PRELIMINARY    DISCOURSE. 

Secondly,  it  appears  that  water,  which  ful- 
phur  alone  is  incapable  of  decompofing,  is 
eafily  feparated  into  its  principles,  by  the 
double  action  of  fulphur  and  alkaline  mat- 
ters. Thirdly,  the  decompofition  of  livers 
of  fulphur  by  expofure  to  air,  and  by  many 
metallic  calces,  which  are  incapable  of  decom- 
pofing  water,  is  eafily  underftood.  Fourthly, 
the  theory  of  the  formation  of  fulphure- 
ous  mineral  waters  may  be  readily  explain- 
ed, as  well  as  the  hiftory  of  their  decompo- 
fition. 

XIII.  Phofphoric  gas  was  difcovered  by 
Mr.  Gengembre;  he  obtained  it  by  boiling 
a  folution  of  cauftic  vegetable  alkali  with 
half  its  weight  of  phofphorus,  and  receiving 
the  elaftic  fluid,  which  is  difengaged  under 
glafs  vefTels  filled  with  mercury'.  This  gas 
is  very  fetid,  deftroys  animal  life,  takes  fire 
fpontaneoufly  by  the  contact  of  air  ;  and 
with  a  flight  explofion.  The  folid  phofpho- 
ric acid,  which  it  affords  by  burning,  forms 
a  kind  of  crown  in  a  flill  air,  which  increafes 
in  diameter  as  it  rifes.  When  vital  air  is 
mixed  with  this  air  under  glafs  veflels,  it 
burns  with  great  rapidity,  producing  fo 
confiderable  a  quantity  of  heat,  and  confe- 
quently  dilatation,  that  the  glaifes  are  mat- 
tered to  pieces,  unlefs  they  be  very  thick. 
Mr.  Gengembre  confiders  this  new  gas  as 
a   folution    of  phofphorus    in   inflammable 
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;  it  greatly  refembles  hepatic  gas,  from 
which  it  differs  only  in  the  nature  of  the 
combuftible  body  fufpended  in  the  in- 
flammable gas.  As  phoiphorus  is  much 
more  combullible  than  fulphur,  the  phof- 
phoric  gas  takes  tire  in  the  air.  The  phoi- 
phorus, when  inflamed,  communicates  its 
combuliion  to  the  inflammable  gas.  In  the 
hepatic  gas,  on  the  contrary,  die  inflam- 
mable gas  does  not  take  fire,  but  by  the 
contact  of  fome  body  in  ignition  ;  and  the 
fulphur,  for  want  of  a  fuflicient  heat,  fcpa- 
rates  without  burning. 

XIV.  I  give  the  name  of  mephitized  in- 
flammable ^as  to  the  aeriform  fluid  which 
conlilts  of  aqueous,  or  pure  inflammable 
gas,  and  mephitis.  This  gas  is  the  fame 
as  that  which  was  called  inflammable  air  of 
marihes,  by  Mr.  Volta.  It  is  produced  by 
the  putrefaction  of  certain  vegetable  matters, 
and  of  almoft  all  animal  fubftances.  It  is 
difengaged  from  ftanding  waters,  and  in  all 
places  where  animal  matters  putrify  in  water. 
It  accompanies,  precedes,  or  follows  the  for- 
mation of  the  volatile  alkali,  which  takes 
place  in  putrefa&ion.  I  fuipect  it  to  be  a 
iimple  mixture  without  the  chemical  coi 
pofuion  ;  becaufe  volatile  alkali  would  be 
formed,  if  the  combination  were  perfect. 
It  differs  from  volatile  alkali,  tint,  in  the 
elaftic  ilate  of  the  two  fluids,  which  con. 
tute  it  j   fecondly,   in  the  proportion  of  thefc 
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elaflic  fluids,  which  varies  in  this  mixed 
gas,  while  the  quantity  of  the  combined 
bafes  is  always  the  fame  in  volatile  alkali. 
It  is  to  Mr.  Berthpllet  that  we  are  indebted 
for  the  exadt  knowledge  we  po fiefs  of  the 
properties  of  this  gas.  In  the  years  1778 
and  1779,  I  examined  the  inflammable  gas 
of  marfhes,  and  obferved  that  it  contained  the 
cretaceous  acid;  but  in  many  of  thefe  gafes, 
collected  in  different  places  near  Paris,  I 
found  a  mixture,  which  I  did  not  accurately 
diflinguifh ;  though  I  obferved  in  my  col- 
lection of  Memoirs,  in  ocftavo,  page  164, 
that  it  is  fometimes  accompanied,  and  even 
fucceeded,  by  the  phlogiflicated  gas;  which, 
as  I  have  elfewhere  obferved,  is  now  called 
mephitis.  Mr.  Berthollet  has  given  to  thefe 
affertions,  which  were  unfettled  at  the  time 
that  I  inferted  them  in  my  Memoirs,  a  de- 
gree of  certainty  and  precifion,  which  has 
induced  me  to  diflinguifh  thefe  gafes  by  the 
name  here  made  ufe  pf. 

Mephitized  gas  burns  with  a  blue  flame ; 
it  does  not  detonate  with  vital  air,  without 
difficulty.  After  detonation  in  the  eudio- 
meter of  Mr.  Volta,  fome  drops  of  water 
are  found,  and  a  refidue  of  mephitis  more  or 
lefs  pure. 

XV.  I  diflinguifh  by  the  epithet  of  cre- 
taceous inflammable  gas,  the  mixture  of  pure 
inflammable  gas  and  elaflic  cretaceous  acid. 

It 
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It  is  obtained  by  diftillation,  from  many  ve- 
iblc  matters,  and  in  particular  from  tar- 
tar, and  all  the  tartareous  hits,  or  the  acetous 
falts  ;  from  hard  woods,  or  charcoal  which 
is  burned   by    the 

pit  coal,  6cc.    It   burns  with  difficulty  ;   but 
the    cretaceous  compofc    th:\ 

fourths  of  its  volume  without  its  ccaling  to 
be  combuftible.      This    acid    may   be 

d  by  means  of  lime- water,  or  cauftic  al- 
kalis. It  is  a  limple  mixture,  without 
ibination.  The  inflammable  air  cannot, 
in  facl,  decompofe  the  cretaceous  acid,  be- 
caufe  the  carbonaceous  principle,  or  char- 
coal, decompofes  the  water,  with  whofe 
oxyginous  principle  it  has  a  greater 
finity  than   this  lall  has  to  the  inflammable 

XVI.  Laftly,  it  is  now  known,  that  char- 
coal, though  very  fixed  in  cloied  veifels, 
and  in  our  ordinary  fires,  is  capable  of  being 
reduced  into  vapours,  by  means  of  a  very 
high  temperature ;  and  that  it  is  likev 
foluble  in  elaftic  fluids.  Inflammable 
more  efpecially,  has  the  property  of  diifolv- 
ing  this  fubflance,  and  of  holding  it  fufpend- 
ed;  it  is  often,  therefore,  taken  up  by  this  fluid, 
at  the  time  of  its  affuming  the  elaftic  form. 
It  is  this  fixed  gas  which  is  dill:  1,  when 

caft  iron  or  fteel  is  diflblved  in  fpirit  of  vi- 
triol ;    the   carbonaceous   matter   be!: 
ibrbed  by   the   firit  in  the  furnac  d  by 

the 
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the  fecond  during  the  cementation.     It  is 
even  found  that  charcoal  may  be  immediately 
diffolved  in  this  gas,  by  caufing  the  united 
rays  of  the  fun,  by  means  of  a  mirror,  to  fall 
on  a  piece  of  that  fubftance  placed  above  the 
mercury,  made   ufe   of  to    confine  the  in- 
flammable air.      This  fluid  burns  with  a  blue 
flame,  attended  with  fmall  white  or  reddifh 
fparkles.      The  charcoal   diffolved   in    this 
gas  modifies  its  effects,  and  alters  the  refults 
of  its  combinations.      Hence  it  is,  that   a 
mixed  gas,  formed  by  the  folution  of  char- 
coal in  mephitis,  appears  to  be  the  colour- 
ing matter  of  Pruffian  blue,  as  Mr.  Berthol- 
let  conjectures.     We  are  not  yet  acquainted 
with  all  the  compounds  into  which  charcoal 
enters ;  and  the  fame  obfervation  is  likewife 
applicable  to  the  various  mixtures  of  all  the 
gafes  with  each  other,  which  certainly  take 
place  in  many  combinations  and  decompofi- 
tions,  and  have  not  yet  been  ftrictly  attended 
to  by  chernifts. 

§  IV.  The  Application  of  fuch  Facts,  as  are 
known  reflecting  the  Nature  and  Proper- 
ties of  elaftic  Fluids,  to  the  great  chemical 
Phenomena  of  Nature  and  Art. 

It  is  now  well  known,  that  there  is 
fcarcely  a  fingle  chemical  phenomenon,  in 
which  a  difengagement  or  fixation  of  fome 
elaftic  fluid  does  not  take  place;  and  that 
both  thefe  events  frequently  happen  at  the 

fame 
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fame  time.      The  difcoveries  of  the  mod 
chemifts   (hew,   therefore,    that   the  ancient 
explications  of  thefe  phenomena  were  not 
latisfactory  ;  and  the  many  difficulties,  which 
thefe  difcoveries    have   removed,    1  itly 

(hew  their  importance  in  the  fcience  of  na- 
tural philofophy. 

When  we  compare  the  numerous  fadte, 
which  form  the  whole  of  our  knowledge  of 
chemiftry  together,  we  find  that  they  may 
be  reduced  to  certain  general  claiTes. 

This  arrangement  is  become  lb  much  the 
more  necellary,  as  the  connection  and  mutual 
illuftration  of  thefe  facts  mult  hereafter  confti- 
tute  the  true  elements  of  chemical  feience ;  but 
this  laft  object  cannot  be  properly  accomplifh- 
ed  till  all  thegeneral  phenomena  arc  explained ; 
and  as  many  of  them  yet  remain  in  obfeurity, 
this  elementary  method  of  treating  the  whole 
of  chemiftry,  cannot,  in  the  prefent  llate  of 
our  knowledge,  be  confidered  otherwife  than 
as  a  project  or  fcheme,  whole  importance  and 
utility  deferve  the  ferious  attention  of  natural 
philofophers.  It  is  by  way  of  ailifting  in  the 
execution  of  this  project  5  or  at  leaft  with  a 
hope  of  mewing  the  poilibility  of  its  ei 
cution,  that  I  have  thought  proper  to  collect 
all  the  facts  and  chemical  theory  under  fixteen 
principal  heads,  which  comprehend  the  va- 
rious changes  produced  in  natural  bodies  by 
means  of  their  chemical  attraction.  And 
that  thefe  phenomena  may  be  e 
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thodically,    by  proceeding  from  fimple  ef- 
fects to  thofe  that  are    more  compound,   I 
fhall  difpofe  them  in  the  following  manner  : 
j,   The  production,  or  difengagement  of 
heat  and  its  abforption,  with  the  ef- 
fects of  the  one  and  of  the  other. 

2.  The  effects  of  air  in  combuftion. 

3.  The  effeCts  of  light  upon  bodies. 

4.  The  formation  of  water,  and  its  de- 

compofition. 

5.  The  production  and  decompofition  of 

earths. 

6.  The  formation  and  decompofition  of 

alkalis. 

7.  The  formation  and  decomposition  of 

acids. 

8.  The  combination  of  acids  with  earths 

and  alkalies. 

9.  The  peculiar  combuftion  of  diamond, 

of  inflammable  gas,  of  fulphur,  and 
of  plumbago. 

10.  The  calcination  and  reduction  of  me- 

tals. 

11.  The  difTolution  of  metals  by  falts,  and 

the   properties    of   neutral    metallic 
falts. 

12.  The  formation  of  the  immediate  prin- 

ciples of  vegetables  by  vegetation. 

13.  The  production,  the  differences,  and 

the  decompofition  of  vegetable  acids, 

14.  The    fpirituous    fermentation  ;    the 

com- 
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combuftion,  and  combinations  of  ar- 
dent fpirit. 

15.  The  formation  of  animal  matters. 

16.  The  decomposition  of  animal  matters 

and  putrefaction. 

We  will  briefly  coniider  each  of  thefe 
phenomena,  and  lhew  their  connection  with 
the  properties  of  elaltic  fluids. 

I.  The  production  of  heat  arifes  either 
from  a  itrong  preffure,  which  difengages  it 
from  bodies  in  which  it  was  included,  or 
from  a  combination  by  which  it  is  fet  at 
liberty.  It  muft  be  obferved,  that  this  phe- 
nomenon takes  place  more  elpecially  when 
an  elaftic  fluid  becomes  fixed  in  a  bo- 
dy ;  becaufe  the  aeriform  ftate  fuppofes, 
we  have  already  explained,  the  prefence  of 
a  great  quantity  of  combined  heat.  It  muft 
likewife  be  obferved,  that  various  bodies 
containing  different  quantities,  or  having 
different  capacities  for  heat ;  prclfure,  or 
combination,  caules  it  to  be  extricated  in 
very  different  doles.  This  phenomenon, 
therefore,  which  accompanies  a  great  number 
of  chemical  operations,  requires  to  be  at- 
tended to  and  estimated  with  great  exact  r 
in  all  experimental  inquiri 

The  lame  observation  holds  with  refpedt  to 
the  apparent  deltrudion  or  abforption  of  heat, 
very  frequently  obferved  in  chemical  proccf- 
fes.  It  always  depends  on  the  augmentation  of 
the  magnitudes  of  bodies,  by  means  of  which 

th 
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their  capacities  for  the  matter  of  heat  are 
increafed.  We  may,  therefore,  conceive  me- 
chanically, or  by  the  fimple  confideration  of 
the  change  that  takes  place  among  the  par- 
ticles of  bodies,  what  happens  in  both  the 
phenomena. 

II.  Combuftion  is  one  of  the  moft  im- 
portant phenomena  in  nature.  There  are 
two  kinds  or  claries  of  combuftion  -,  namely, 
fuch  as  are  made  with  accefs  of  common  air, 
and  fuch  as  apparently  are  made  without  the 
accefs  of  air  ;  though,  in  facft,  it  is  con- 
tained in  the  fubftances  themfelves. 

Combuftions  effected  by  the  contact  of 
air,  are,  as  we  have  already  obferved,  com- 
binations of  the  combuftible  body  with  the 
bafe  of  vital  air,  or  the  oxyginous  principle. 
In  proportion  as  thefe  combinations  take 
place,  the  matter  of  fire  is  feparated  from 
the  oxyginous  principle,  and  appears  under 
the  form  of  heat  and  light.  There  are  com- 
buftible bodies  which  flowly  difengage  the 
fire  of  the  air,  and  do  not  give  out  heat 
fufhciently  ftrong  to  deferve  the  name  of 
combuftion.  Others,  on  the  contrary,  caufe 
the  fire  to  be  difengaged  rapidly,  under  the 
form  of  light;  and  at  the  fame  time  giv- 
ing a  greater  or  lefs  degree  of  ofcillation  to 
this  light,  they  caufe  different  fhades  of  co- 
lour, if  the  theory  of  Euler  refpedting  the 
luminous  rays  of  different  colours  be  ad- 
mitted, which  afTerts,    that  they  confift  of 

the 
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the  fame  matter  vibrating  differently.  In 
certain  combinations,  effected  in  the  open 
air,  the  combuilible  bodies  have  fo  ftrong 
a  degree  of  attraction  to  the  bale  of  this 
elailic  fluid,  that  they  very  readily  feize  it. 
Others,  in  order  that  they  may  combine 
with  the  oxyginous  principle,  require  a  very 
high  temperature,  which  feems  to  favour 
the  attraction  of  combuilible  bodies  for  this 
This  theory  explains  how  bodies  be- 
come heavier  by  being  burned,  and  the  caufe 
of  impurity  of  the  atmofpheric  air  after 
combuilion  ;  for  the  proportion  of  mephitis 
then  becomes  much  greater.  And  the  di- 
veriity  of  phenomena,  fuch  as  flame,  heat, 
and  rarefaction,  which  accompany  every 
kind  of  combuilion  made  in  the  air,  are  by 
this  theory  explained  with  equal  facility. 

The  fecond  kind  of  combuftion  is  very 
often  performed  in  clofed  veffels.  It  con- 
fifls,  in  genera],  in  the  tranfition  of  the 
oxyginous  principle  from  a  body  already 
burned,  into  another  which  has  not  been 
burned.  It  depends  on  the  different  elective 
attractions  of  the  oxyginous  principle  for 
the  feveral  combuilible  bales.  Such  is  the 
calcination  of  metals  by  acids  ;  the  reduc; 
of  metallic  calces  by  charcoal  ;  the  combuf- 
tion of  fulphur,  of  phofphorus,  of  charcoal, 
and  of  plumbago,  by  the  nitrous  acid  ;  the 
combuilion  of  the  bafes  of  inflammable 
fixed  as  a  principle  in  ilil-ammoniac  or  v 

tile 
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tile  alkali,  by  the  muriatic  or  aerated  acid* 
&c.  &c.  In  all  thefe  cafes,  the  oxyginous 
principle  paries  from  one  body  into  another  $ 
and  as  it  does  not  appear  to  be  melted  into 
an  elaftic  fluid  by  the  fire,  thefe  combuf- 
tions  are  very  often  made  without  the  ap- 
pearance of  flame.  We  may  likewife  add, 
that  in  thefe  flow  combuftions,  the  combuf- 
tible  property  is  not  loft,  but  is  renewed  in 
the  body,  which  parts  with  its  oxyginous 
principle,  while  it  ceafes  to  exift  in  the 
other  body  which  has  abforbed  it. 

III.  The  effects  of  light  on  bodies  have 
not  yet  been  eftimated  but  by  their  refults ; 
the  caufe  not  having  yet  been  well  explained. 
The  action  of  light  upon  vegetables  has  long 
been  known ;  namely,  that  it  colours  them, 
and  produces  combuftible  bodies.  Scheele 
obferved,  that  the  rays  of  the  fun  colours 
the  nitrous  acid,  luna  cornea,  mercurial  pre- 
cipitates, &cc. ;  and  it  is  now  acknowledged 
that  all  thefe  effects  are  accompanied  with 
the  difengagement  of  a  certain  quantity  of 
vital  air.  Light,  therefore,  acts  in  the  fame 
manner  on  thefe  bodies  as  heat.  It  fepa- 
rates  the  oxyginous  principle,  which  it  melts, 
and  caufes  to  pafs  to  the  ftate  of  elaftic  flui- 
dity. In  this  manner  it  is,  that  it  contri- 
butes to  the  decompofition  of  the  cretaceous 
acid  by  means  of  the  leaves  of  vegetables,  by  a 
double  affinity ;  firft,  that  of  light,  with  the 
oxyginous  principle,  which  is  difengaged  in 

the 
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the  form  of  vital  air  ;  and  fecondly,  that  of 
the  vegetable  matter,  with  the  carbona- 
ceous principle.  It  is  by  the  fame  action, 
Chat  light  favours  the  decompoiition  of  wa- 
ter by  means  of  the  organs  of  vegetables, 
and  contributes  to  the  formation  of  the  oxy- 
ginous  principle.  By  attending  more  care- 
fully to  the  action  of  light  on  many  natural 
bodies  than  has  yet  been  done,  there  is  no 
doubt  but  important  difcoveries  will  be 
made,   as  I  obferved  in  the  year  1780. 

IV.  The  formation  of  water,  and  its  de- 
compofition,  depend  entirely  on  the  affini- 
ties of  the  oxyginous  principle,  which  is 
one  of  its  component  pans.  It  has  been  for 
iome  time  known,  that  zink,  iron,  oils, 
and  charcoal,  have  the  property  of  feparating 
the  component  parts  of  water  from  each  other, 
by  abforbing  the  oxyginous  principle,  and 
difengaging  the  inflammable  gas.  The  ex- 
treme tenuity  or  lightnefs  of  this  gas  is  the 
caufe  why  fo  high  a  temperature  is  neceilary 
for  immediately  effecting  of  this  decompoii- 
tion. It  feems  that  the  bale  of  this  gas,  which 
is  ulually  either  liquid  or  lblid,  in  the  two 
moft  common  dates  of  water  at  the  fur: 
of  the  globe,  has  a  very  great  capacity 
the  matter  of  heat;  and  it  even  feems  that  this 
bale,   though  combined  with  the  ROUS 

principle  in  the  form  of  water,  ilill  poll* 
the  property  of  abforbing  much  of  that  ma. 
It  is  by  virtue  of  this  property,  that  aqu. 
vapour  is  lighter  than  air,  happy 

Vol.  I.  e  very 
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covery  of  the  nature  of  water,  and  its  de-* 
compofition,  throws  great  light  on  the  theo-, 
ries  of  metallic  folutions,  of  the  calcination  of 
many  metals  by  the  vapour  of  water,  the 
formation  of  the  immediate  principles  of  ve- 
getables, of  ardent  fpirit,  and  the  putre- 
factive fermentation.  *  And  it  may  alfo  be 
obferved,  that  the  theory  of  almoft  every 
fact  in  chemiftry  depends  on  the  affinities 
of  the  oxyginous  principle.  Hence,  like- 
wife,  we  are  enabled  to  explain  feveral  of 
the  atmofpheric  phenomena,  as  well  as  others 
relating  to  the  formation  of  metals,  and  the 
laws  followed  by  nature  in  the  fucceffive 
changes  of  organic  matters,  &c. 

V.  There  are  many  important  fubjeds  of 
inquiry  refpe&ing  of  natural  bodies,  which  are 
ftill  deiiderata  among  chemifts.  The  form- 
ation of  earths  is  one  of  thefe.  Naturalifts 
have  entertained  various  opinions  refpecting 
the  nature  of  earths.  Many  have  thought 
that  the  transformation  of  filex  into  clay, 
was  well  proved  ;  but  thefe  notions  deferve 
to  be  considered  in  no  other  light  than  as 
ingenious  hypothefes  not  yet  proved  by  the 
fadts.  No  chemift  has  yet  converted  filice- 
ous  earth  into  clay,  nor  clay  into  filiceous 
earth.  Nature  may,  perhaps,  produce  this 
converfion  ;  but  art,  which  is  not  yet  in 
pofleffion  of  the  means,  can  do  nothing, 
till  diredt  experiments  have  pointed  them 
out.  In  the  fame  manner  ponderous  earth, 
magnefia,    and  lime,    have  been  confidered 

as 
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as  compounds  of  the  preceding  earths  with 
certain  other  bodies  ;  but  theie  are  luppofi- 
tions  not  at  all  to  be  depended  on.  No 
chemill  has  yet  directed  his  refearches  to 
this  point,  and  the  firil  data  are  itill  want- 
ing. 

VI.  The  formation  of  fixed  alkalis  is  in 
the  lame  ftatc  of  uncertainty  -y  and  though 
fuch  chemifts  -as  are  well  acquainted  with 
modern  difcoveries,  may  perhaps  fufpect  that 
the  mephitis  is  a  principle  of  theie  falts  ; 
it  may  even  perhaps  be  admitted,  that  the  bafe 
of  this  elaftic  rluid,  which  has  been  proved 
by  Mr.  Bertholkt  to  exift  in  the  volatile 
alkali,  is  the  general  principle  of  fixed  al- 
kalis, and  alkaline  earths ;  or  in  a  word,  the 
alkaliginous  principle.  It  cannot,  for  ex- 
ample, be  doubted  but  that  fixed  alkalis 
are  partly  decompoied  in  many  chemical 
operations  ;  they  are  manifeftly  changed  into 
volatile  alkali  in  the  dittillation  of  old  foaps, 
and  of  the  tartareous  and  acetous  neutral 
filts.     This  converfion  feems  to  fhew,  that 

a  alkalis  contain  mephitis,  which  acling 
on  the  inflammable  gas  of  the  oil,  forms 
volatile  alkali.  But  the  facts  have  not  yet 
been  examined  with  furficient  care,  as  to  the 
quantities  of  the  fixed  alk.li  which  appear  to 
be  decompoied,  the  volatile  alkali  they  afford, 
and  efpecially  with  regard  to  the  reiidue,  to 
admit  of  any  ftrong  dependence  on  this 
theory,  though  it  mult  be  allowed  to  pof- 
fefs  no  inconiidcrablc  degree  of  probability, 
e  2  VII.  The 
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VII.  The  formation  of  acids,  and  their 
decompofition,  is  one  of  the  beft  known 
and  mod  ufeful  of  the  refults  of  modern 
chemiftry.  It  is  known,  that  they  are  all 
formed  of  a  bafe  more  or  lefs  combuftible, 
united  to  the  bafe  of  air ;  that  this  laft  be- 
ing the  fame  in  all,  is  the  caufe  of  their 
acidity,  and  that  their  differences  depend  only 
on  the  fubftance  combined  with  the  oxy- 
ginous  principle.  It  is  known  that  the 
bafes  of  the  vitriolic,  nitrous,  cretaceous, 
arfenical,  and  phofphoric  acids,  are  the  fub- 
ftances  called  fulphur,  mephitis,  charcoal, 
arfenic,  and  phofphorus ;  but  the  bafes  of 
the  muriatic,  fparry,  and  boracic  acids  in 
the  mineral  kingdom,  and  moft  of  thofe 
belonging  to  the  vegetable  kingdom,  are 
Hill  undifcovered. 

This  decompofition  of  acids  is  not  diffi- 
cult either  to  be  conceived  or  explained.  It 
takes  place  whenever  a  combuftible  body  is 
prefented  to  the  acid,  which  has  a  ftronger 
affinity  with  the  bafe  of  air  than  this  laft 
has  with  the  other  principle  of  the  acid  : 
on  this  depends  the  theory  of  the  formation 
of  fulphureous  and  nitrous  gafes,  &c. 

VIII.  The  combination  of  acids  with 
earths  and  alkalis  conftitutes  the  hiftory  of 
neutral  falts,  and  of  the  affinities,  or  the 
elective  attractions  of  thefe  different  matters 
for  each  other.  It  comprehends  the  exa- 
mination of  fuch  phenomena  as  take  place 

during 


PRELIMINARY    DISCOURSE.       Lwiii 

during  their  union  ;  the  tafte  they  acquire, 
their  form,  folution,  and  cryilaliization ;  their 
alterations   by  lire,    by  air,   and   the  mutual 

tions  they  undergo.      This  l\i! 
is  treated  of  at  large  in  the  following  work. 

IX.  The  peculiar  combuftion  of  diamond 
is  well  known,  as  far  as  relates  to  the  fads  ; 
but  the  compound  produced  by  this  combuf- 
tion  has  not  been  examined.  As  to  the  corn- 
bullion  of  the  inflammable  gas  of  fulphur, 
and  of  plumbago,  it  is  referable  to  the  hiftory 
of  water,  and  of  the  vitriolic  and  cretaceous 
acids.  The  carbonaceous  inflammable  air 
afforded  by  iron,  zink,  and  perhaps  many 
other  metals  during  their  folution  in  the 
vitriolic,  muriatic,  and  acetous  acids,  and 
the  cretaceous  acid  obtained  by  the  detona- 
tion of  the  fame  matters  with  nitre,  may  be 
attributed  to  the  plumbago  contained  in 
thole  metals. 

X.  The  calcination  and  reduction  of  me- 
tals likewife  conftitutc  a  part  of  the  hiltory  of 
air  and  the  oxyginous  principle.      The  calci- 
nation of  metals  is  now  known  to  be  a  kind 
of  comhuliion,   coniifting  in   the  union  a 
fixation  of  the  bale  of  air.      Metallic    i 
being  compounds  of  metals,   and  the*oxygi- 
nous    principle,    the  greater   part    of    ti. 
cannot   be  reduced*  but    by  the   application 
of  a  body  which  has  a  ftronger  affinity  with 
the  latter,   than  this  has  with  metal! 
fiances.     Charcoal,   in  this  manner,  abfi 

e  3 
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ing  the  oxyginous  principle  of  metallic  cal- 
ces, forms  with  it  the  cretaceous  or  carbo- 
naceous acid,  which  is  difengaged  in  great 
quantities  during  their  reduction.  Certain 
metallic  calces  give  out  the  oxyginous  prin- 
ciple in  the  form  of  vital  air,  by  the  mere 
affiftance  of  heat.  Thefe  fadts  prove,  that 
the  oxyginous  principle  adheres  to  different 
metallic  matters  with  various  degrees  of 
force  ;  but  two  very  important  circumftances 
relative  to  the  calcination  of  metals,  and 
determined  by  the  experiments  of  modern 
philofophers,  are,  firft,  that  each  metal  ab- 
forbs  a  different  quantity  of  the  oxyginous 
principle,  in  order  to  its  Saturation.  2.  That 
each  of  them  may  exift  in  very  different  ftates 
of  calcination,  or  combined  with  different 
dofes  of  the  oxyginous  principle,  from  the 
very  commencement  of  calcination  to  its  be- 
ing perfe&ly  finifhed. 

An  attentive  examination  of  this  fecond 
fad:  leads  us  to  diftinguifh  in  each  metallic 
calx  feveral  different  ftates  depending  on  the 
quantity  of  the  oxyginous  principle  it  con- 
tains. Thus  we  fee  that  mercury,  flightly 
calcined,  is  changed  into  a  black  powder  in 
a  variety  of  circumftances,  which  has  been 
fuppofed  to  be  the  metal  in  a  ftate  of  extreme 
divifion.  In  like  manner,  iron,  in  the  form 
of  iEthiops  martial,  is  the  firft  of  its  calces  on 
account  of  the  fmall  quantity  of  the  oxygi- 
nous principle  it  contains.  Cold  water  rea- 
dily 
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dily  converts  iron    into  this  ftatc.     La; 
copper,   which  is  beginning  to  he  calcined, 
or  is  united  to  the  fmalleft  pofTibl  nty 

of  the  oxyginous  principle,   i-  brown  or  : 
dim    white  ;   while   its   perfect   or   fatarated 
calx  is  of  a  deep  green. 

This  diftinclion  of  metallic  calces  into 
different  ftates  of  calcination,  depending  on 
the  various  quantities  of  the  oxyginous  prin- 
ciple contained  in  them,  ferves  to  explain  a 
great  number  of  phenomena,  which  were  for- 
merly attended  with  much  difficulty. 

XI.  The  folution  of  metals  in  differ. 
acids,  the  properties  of  thefe  folutions,  and 
the  falts  they  furnilh,  agree  likewife  with 
the  modern  theory,  and  admit  of  a  much 
clearer  explanation  than  formerly.  No  fo- 
lution can  take  place  in  an  acid,  unlefs  the 
metal  be  firft  calcined. 

Metals  are  calcined  by  the  vitriolic  acid, 
either  by  the  acid  itfelf,  or  by  the  water  it 
is  combined  with.      In  the  firft  cai  cid 

is  decompofed,  and  fulphureous  g  dif- 

cngaged  ;    in   the   fecond,  the  water  is   de- 
compofed,   and    inflammable    gas    i 
gaged.      Some  of  the  mt  >  not  ci 

pofe  the  vitriolic  acid,   unlefs  water  be  i 
fent;   fuch  arc  mercury,   lead,  6cc.      In  the 
firft  cafe,  the  metals  are  not  burner!,  un" 
the   vitriolic   acid  be  concent; 
fecond  cafe,   the  met  more  to 

decompofc  water,    than   to   deco:- 
c  4 
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vitriolic  acid.  Zink,  iron,  and  other  me- 
tals do  not,  therefore,  readily  become  cal- 
cined, but  by  means  of  the  diluted  acid,  be- 
caufe  it  is  in  fact  the  water  which  calcines 
them.  The  proof  of  this  lafl  fad:  is,  that 
the  vitriolic  acid  remains  entire  without  de- 
compofition.  It  is  clear  after  this  explana- 
tion, that  a  much  greater  quantity  of  the 
vitriolic  acid  will  be  required  to  diiTolve  a 
metal  which  decomp6fes  the  acid  itfelf,  than 
would  be  required  to  diiTolve  another  metal, 
which  decompofes  water  united  to  this  acid  : 
becaufe  in  the  former  cafe,  two  different 
quantities  of  the  acid  are  required  ;  the  firft 
to  calcine  the  metal,  the  fecond  to  difTolve 
the  metallic  calx  :  fo  that  if  no  more  were 
applied  to  the  metal  than  the  firft  mentioned 
quantity,  nothing  but  a  calx  would  be  pro- 
duced ;  and  the  fecond  or  additional  quan«? 
tity  of  vitriolic  acid  would  be  required  to 
diflblye  it.  This  is  frequently  done  in 
our  laboratories.  Accurate  obfervation  has 
fhewn,  that  metallic  calces  require  a  determi- 
nate proportion  of  the  oxyginous  principle, 
in  order  that  they  may  be  foluble  in  the  vi- 
triolic acid.  When  they  are  faturated  with 
this  principle  they  are  not  foluble,  and  long 
before  faturation  they  are  likewife  infoluble. 
Thus  we  fee,  that  when  a  vitriolic  folution 
is  too  ftrongly  heated,  or  has  been  long  ex- 
pofed  to  the  air,  in  the  firft  cafe  the  heat 
favours  the  a&ion  of  the  metallic  calx  on 

the 
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the  acid,  To  that  it  takes  a  greater  quantity 
of  the  oxyginous  principle  than  it  had  be- 
fore ;  and  consequently,  it  docs  not  remain 
fufper.dcd  in  the  acid  :  or,  in  the  fecond 
;brbs  this  lame  principle  from  the 
atmofphere,  and  when  this  exceeds  the  de- 
terminate quantity  m^  ii.iry  for  it  in- 
ing  impended,  it  falls  of  courfc.  Hcrioc 
the  theory  of  vitriolic  mother- waters.  The 
metallic  folutions  in  this  acid  do  not  afford 
cryftals,   but  in   the   former   c 

fc  fads  (hew,  that  the  metals  themfelves 
at  firft  act  on  their  folvents,  and  that  the  vitri- 
olic acid  does  not  attack  them,  till  they  have 
fuffered  a  determinate  degree  of  calcination. 
The  nitrous  acid  is  like  wife  deeompofed 
by  the  greater  number  of  metals.  Ti. 
are  calcined  to  a  determinate  degree  by  ab- 
forbing  the  oxyginous  principle,  v.  .ich 

they  have  a  greater  affinity  than  with  the  me- 
phitis y   but  as   they  do  not  deprive  the  ni- 
trous   acid   of  the   whole   of  i  jus 
principle,    at  leafl:  when   the  quantities   of 
metal  and  of  heat  are  not  too  great,  the  v 
phitis  is  feparated,  together  with  a  portion 
of  the  oxyginous  principle;    and  this  pecu- 
liar  combination  forms   nitrous  ga$.     The 
nitrous   is  the  moft  ealily  decompofed  of  all 
the   acids.      Its  two  princi;            dhert   \ 
weakl/  to  each  other  ;            Inch  reafon  it 
always  been   regarded  as   the   principal    I 
vent.     Hej 
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is  never  decompofed  during  the  reciprocal 
adtion  of  metals  and  the  nitrous  acid ;  and 
why  this  action  is  rendered  nearly  ineffectual 
by  the  addition  of  a  great  quantity  of  water. 
From  this  reafon  likewife  it  is,  that  metallic 
folutions,  by  means  of  the  nitrous  acid, 
never  give  out  more  than  one  fpecies  of 
elaftic  fluid,  namely  nitrous  gas,  mixed 
fometimes  with  a  fmall  quantity  of  mephi- 
tis ;  which  happens  more  efpecially  when 
the  metals  made  ufe  of  have  a  very  ftrong 
affinity  with  the  oxyginous  principle,  and 
abforb  it  in  great  quantities. 

Such  metals,  as  are  foluble  in  the  nitrous 
acid,  cannot  remain  united  with  it,  unlefs 
the  quantity  of  the  oxyginous  principle  they 
are  combined  with  be  determinate,  and  not 
equal  to  abfolute  faturation.  Many  metals, 
as  for  example,  bifmuth,  antimony,  mer- 
cury, tin,  and  iron,  are  feparated  from  the 
nitrous  acid  by  mere  ftanding,  by  heat,  or 
by  expofure  to  air ;  in  which  cafes  they 
continue  to  abforb  the  oxyginous  principle 
of  the  folvent  acid,  or  the  furrounding  at- 
mofphere.  The  quantity  of  the  nitrous  acid 
muft  be  very  confiderable  :  firft,  that  the 
metal  may  be  calcined ;  fecondly,  that  the 
calx  may  be  diffolved.  If  the  firft  quantity 
only  be  added,  the  metal  will  remain  in  the 
form  of  calx,  as  happens  with  bifmuth,  zink, 
tin,  and  regulus  of  antimony. 

The  muriatic  acid  does  not  ad:  on  any 

metal, 
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metal,  but  by  the  afiiftance  of  water  ;  fo  that 
there  are  but  few  metals  which  ad:  upon 
water,  there  are  likewife  few  which  arc  im- 
mediately foluble  in  the  muriatic  acid  ;  and 
during  their  iblution  by  this  acid,  inflam- 
mable air  only  is  di  Theft  cir- 
cumftances  indicate,  th  of 
the  acid  have  a  itr  1  to  c 
other  than  thofe  of  every  other  acid;  and  I 
am  very  much  inclined  to  believe  from  this, 
that  the  unknown  bale  of  the  muriatic  acid 
has  theftrongeltpoflible  affinity  with  the  oxy- 
genous principle;  iince  none  of  thole  com- 
buftible  bodies,  which  take  it  from  the 
;ter  part  of  fuch  bodies  as  contain  it,  can 
deprive  this  acid  of  that  principle.  But  it 
diflblvcs  metallic  calces,  when  once  formed, 
with  great  facility  ;  and  even  takes  them 
from  feveral  other  acids.  It  likewife  dif- 
folves  them  when  faturated  with  the  oxj 
nous  principle,  contrary  to  what  happens 
with  the  other  acids.  Thefe  two  laft  re- 
markable properties  certainly  depend  on  the 
tendency  which  the  muri  id  has  to 
abibrb  an  excels  of  the  oxyginous  principle  ; 
a  tendency,  which  is  well  demonftratea  by 
the  formation  of  t!i  ted  mu 
and  aqua  regia.  The  adtion  of  all  the  other 
acids  on  metals  is  not  yet  fu  tly  kno 
to  enable  us  to  fpeak  of  them  with  the  lame 
precifion  as  we  have  done  relpechng  the 
three  foregoing.      We  fliall  there          only 

obi 
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obferve,  that  metals  ought  not  to  decom- 
pofe  the  cretaceous  acid,  becaufe  charcoal, 
which  is  one  of  the  principles  of  this  acid, 
has  a  ftronger  affinity  with  the  oxyginous 
principle  than  this  laft  has  with  metals  ;  as 
the  decompofition  of  metallic  calces,  by 
means  of  the  carbonaceous  principle,  fufii- 
ciently  proves. 

Laftly,  the  precipitation  of  metallic  calces, 
when  united  to  acids,  in  the  form  of  metals, 
by  other  metallic  fubftances,  is  equally  ex- 
plicable by  the  various  affinities  of  the  oxy- 
ginous principle  with  thefe  fubftances. 
When  copper  precipitates  the  calx  of  filver, 
and  iron  the  calx  of  copper,  in  the  metallic 
forms  of  filver  and  copper,  the  phenomena 
depend  on  the  greater  attraction  of  copper 
than  of  filver  to  the  oxyginous  principle, 
and  of  iron  than  of  copper. 

Inquiries  into  the  formation  of  the  im- 
mediate principles  of  vegetables  are  yet  in 
their  infancy.  It  has  been  long  fince  ob- 
ferved,  that  plants  grow  very  well  in  the 
pureft  water;  and  that  by  the  affiftance  of 
water  and  atmofpheric  air,  they  obtain 
all  their  conftituent  principles.  Thefe, 
therefore,  are  the  two  materials  from  which 
they  draw  all  their  nourifhment;  or  from 
which  the  mucilage,  the  oil,  the  coal,  the 
acids,  the  colouring  parts,  &,c.  are  produced. 
Since  the  time  of  the  difcoveries  relating  to 
gafes,  it  has  been  obferved,  that  they  grow 

very 
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very  quickly  in  air  charged  or  mixed  with 
the  cretaceous  acid,  as  well  as  in  inflamma- 
air.  We  have  already  obferved,  that 
of  plants  decompose  water  and  the 
cretaceous  acid.  They  ablbrb  the  inflam- 
mable gas  of  the  former,  and  the  carbonace- 
ous principle  of  the  latter;  difengaging  pure 
air  from  the  one  as  well  as  from  the  other  : 
they  therefore  mull:  ablbrb  mephitis.  Theft 
phenomena  being  properly  attended  to,  tend 
greatly  to  explain  the  formation  of  charcoal, 
and  of  oil ;  for  it  cannot  be  doubted,  but 
that  this  lad  principle  is  formed  of  inflam- 
mable gas  fixed  by  fame  other  fubftance,  as 
it  gives  out  much  water  during  its  combuf- 
tion.  But  we  are  not  yet  acquainted  with 
the  formation  of  the  colouring  principle,  of 
the  various  oils,  of  the  fpiritus  rector,  the 
fixed  alkali,  the  glutinous  parts,  &c.  Wc 
may,  however,  venture  to  foretell,  that  by 
making  experiments  on  vegetation,  as  indi- 
cated by  the  new  d\:  >,  we  (hall  moll 
probably  arrive  at  the  nature  and  conftitu- 
tion  of  all  theie  immediate  principles. 

XII.  No  one  has  treated  more  fully  and 
accurately  on  the  hiitory  of  vegetable  acids 
than  Mr.  de  [  u,  in  his  Dictionary  of 

Chemiitry,  which  makes  a  part  of  the  1:1  ncy- 
clopedia.  He  dillinguimes  vegetable  acids 
into  two  claiies,  viz.  fuch  as  exile  ready 
formed  in  vegetables,  and  thofe  of  which  they 
contain  only  the  bale,  and  whicl  I  oduced 

by 
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by  combining  this  bafe  with  the  oxyginous 
principle  obtained  from  different  bodies,  or 
exifting  in  the  vegetable  itfelf,  by  means  of 
the  alteration  its  different  principles  are  made 
to  undergo.  He  obferves,  however,  that 
this  divifion  is  not  perhaps  very  exact ;  be- 
caufe  the  formation  of  acids,  by  means  of 
vegetation,  refembles  in  ftridtnefs  their  for- 
mation by  art ;  being  effected  by  the  com- 
bination of  the  acidifiable  bafes  with  the 
oxyginous  principle  in  the  internal  parts  of 
vegetables.  Notwithstanding  the  force  of 
this  obfervation,  the  distinction  propofed  by 
this  chemift  is  very  ufeful ;  for  the  vegeta- 
ble bafes,  which  art  converts  into  acids, 
fcarcely  ever  become  fuch  in  the  proceffes  of 
vegetation. 

The  firft  clafs  may  be  divided  into  two 
orders,  as  Mr.  de  Morveau  himfelf  remarks* 
In  the  firft  may  be  arranged  the  vegetable 
acids  ready  formed,  and  in  a  ftate  of  purity, 
which  may  be  extracted  by  fimple  preffure 
or  infufion ;  as  the  acid  of  citrons,  and  the 
acid  of  galls.  The  fecond  order  may  com- 
prehend thofe  which  are  partly  neutralized, 
and  are  only  to  be  feparated  by  peculiar  che- 
mical operations.  Such  are  the  acids  of 
benzoin,  of  tartar,  of  forrel,  and  of  apples. 

The  fecond  clafs  comprehends  three  or- 
ders of  vegetable  acids,  i.  Thofe  which 
are  produced  by  the  acetous  fermentation. 
2,  Thofe  which  are  obtained  by  the  action 

of 
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of  the  nitrous  acid  ;  as  for  example,  tho 
faccharine  acid.  3.  Thole  obtained  by  dif- 
tillation,  and  known  by   the  n  m- 

cumatic   acid*  ;   luch   arc    the    1  ob- 

tained in  this  way  from  wood,  from  fugar, 
from  tartar,  Sec.     This  divilion  ol  ble 

acids  propofed  by  Mr.  de  Morveau,   is  more 
exact  than  that  of  Mr.  Weigel,  which  d 
not  include  the  acids  produced  by  die  appli- 
cation of  the  nitrous  acid. 

We  have  examined  the  greater  part  of 
theft  acids  in  the  third  part  of  the  prefent 
work  ;  but  the  difcoveries  lately  made,  de- 
mand that  we  ihould  in  this  place  attend 
again  to  the  general  properties  of  all  thefe 
falts,  and  fome  of  them  more  particularly. 

The  vegetable  acids  ready  formed,  whe- 
ther they  be  in  a  ftate  of  purity,  or  whether 
they  be  partly  neutralized,  are  the  products 
of  a  compofition,  ed  by  the  tive 

powers,  of  an  oily  bale  with  the  oxyginous 
principle.  They  only  poffefs  the  lecond 
rank  among  the  immediate  principles  of  ve- 
getables, fince  the  formation  of  oils  h  is  nccef- 
iarily  preceded  their  production.  As  oils  differ 
among  each  other.  :able  acids  mult  U 

wife  have  different  properties;  but  they 
all  volatile,  and  decomposable  by  fire.  1  hole 
whole  bales  exiil  only  in  vegetables,  and  are 
formed  by  the  application  of  nitrous  acid, 
as  well  as  thofe  which  are  developed  by  fer- 
mentation and  diilillation,  owe  their  or 

to 
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to  the  fixation  of  the  oxyginous  principle  of 
the  water,  of  the  nitrous  acid,  or  of  the  at- 
mofphere  in  combination  with  oleaginous 
bafes.  It  is  eafy  to  conceive,  that  if  thefe  bafes 
be  different,  the  feveral  proceffes  will  be  at- 
tended with  different  acid  refults. 

However,  though,  on  the  one  hand,  the 
number  of  vegetable  acids  is  confiderably  in- 
creafed  in  confequence  of  late  difcoveries,  yet 
the  labours  of  many  chemifts,  and  in  parti- 
cular of  Mr.  Crell,  feem  to  (hew,  that  the 
acidifiable  bafes  of  many  of  thefe  acids  differ 
but  flightly  from  each  other,  and  may  by 
various  methods  be  made  to  afford  abfolutely 
the  fame  falts,  page  96,  §  14.  To  com- 
plete my  account  of  the  vegetable  kingdoms, 
I  fhall  here  explain  the  properties  of  the 
acids  of  wood,  of  camphor,  of  fyrup,  of 
benzoin,  and  of  apples  ;  and  of  the  refem- 
blance,  which  fome  time  ago  was  obferved 
between  the  bafes  of  the  acids  of  fugar  and 
of  forrel,  and  likewife  of  thofe  of  tartar  and 
of  vinegar. 

It  has  long  been  known,  that  wood  af- 
fords an  acid  liquor  by  diftillation.  Goet- 
ling  examined  the  acids  of  birch  and  box 
in  the  year  1779*  and  obtained  with  fpi- 
rit  of  wine,  together  with  thefe  acids,  a 
true  aether.  The  acid  requires  to  be  redti- 
fied  by  a  fecond  diftillation.  Mr.  de  Mor- 
veau  calls  this  the  lignic  acid,  and  denomi- 
nates its  neutral  combinations  lignites ;  as 

for 
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for  example,   lignites   of  foda,  of  pot  afh, 
£cc. 

Mr.  Fontana  fufpefts  that  this  acid  may 
be  very  different  according  to  the  wood  from 
which  it  has  been  obtained  ;  but  birch, 
box,  and  beech,  have  been  found  to  af- 
ford the  fame  acid.  Its  combinations  have 
not  yet  been  much  examined  into.  Mr.  de 
Morveau,  from  the  trials  of  Mr.  Eloy  Bour- 
fier  de  Clairveaux,  affirms  that  calcareous 
and  ponderous  earths  do  not  yield  this  acid 
to  cauftic  fixed  alkalis;  that  lime  does  not 
yield  it  to  ponderous  earth,  nor  magnefia  to 
the  pure  volatile  alkali. 

Mr.  Kofegart,  by  diitilling  colourlefs  ni- 
trous acid  eight  times  fucceilivcly  from  cam- 
phor, has  changed  that  combuftible  body 
into  a  peculiar  bitter  acid,  which  cryftallizes 
in  the  form  of  parallelipipeds,  and  does  not 
precipitate  lime  from  other  acids,  as  the  1 
charine  acid  docs.  This  acid,  denominate 
the  camphoric  acid  by  Mr.  de  Mjrveau, 
forms    with    the   \  alkali,  a  fait  in 

regular  hexagons  ;  with  the  mineral  alkali, 
a  fait  in  irregular  cryltals ;  with  the  volatile 
alkali,    a   fait   likcwife   cryftalli  it Ii 

.i  pulverulent  and  folublc  fait.  It 
di Solves  many  metals.  Mr.  de  Morveau 
gives  the   name  of  camphorites  to  mc 

combinations      We  mult  obfel 
acid  is   not  yet  iV  '  to  ad 

of  our  entering  into  any  lull 

Vol,  I. 
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or  even   to  confider  it  as   perfectly  diftinct 
from  certain  other  acids. 

The  elder  chemifls,  who  diftilled  fugar 
and  manna,  obferved  that  a  penetrating  acid 
was  difengaged,  to  which  they  afcribed  many 
fingular  properties.  Lemery,  Boerhaave, 
Hermann,  and  Cartheufer,  began  the  exami- 
nation of  this  acid  ;  but  Mr.  Scrickel  has 
been  more  particularly  attentive  to  its  cha- 
racters. Mr.  de  Morveau  calls  this  fait  the 
fyrupous  acid,  and  diftinguifhes  its  combi- 
nations by  the  names  of  fyrups.  This  cele- 
brated chemift  has  obferved,  that  the  glafs 
of  the  retort  is  attacked  and  corroded  during 
the  diflillation  of  fugar.  Mr.  Scrickel  rec- 
tifies this  acid  in  earthen  veffels,  and  con- 
centrates it  by  congelation.  It  is  contained 
ready  formed  in  fugar,  according  to  Mr.  de 
Morveau,  and  by  its  fuperabundance  in  mo- 
laffes,  is  the  caufe  of  the  difficulty  with 
which  that  fait  is  cryftallized.  This  acid, 
in  its  concentrated  ftate,  is  very  penetrating  ; 
it  quickly  reddens  the  blue  colours  of  vege- 
tables ;  has  a  ftrong  fmell,  and  tinges  the 
fkin  yellow,  according  to  Cartheufer.  In 
open  veffels  it  is  driven  off  by  fire ;  and  in 
clofed  veffels  it  is  dccompofed,  leaving  a 
carbonaceous  refidue.  Its  combinations  with 
alkaline  bafes  form  falts  different  from  thofe 
of  the  fiiccharine  acid.  It  diffolves  feveral 
metals.  Mr.  de  Morveau  difpofes  its  elec- 
tive attractions  in  the  following  order ;  ve- 
getable  alkali,    mineral    alkali,    ponderous 

earth, 
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earth,   lime,    magnefia,   volatik 

r,   fpirit   i 
y  likewi  ,   that  this  acid  is  obtained 

from  honey,  gums,  farina,  fugar  of  milk, 
and  all  mucilaginous    and  rinc  n 

ters  by  diliillation.  It  feems  to  me  to  be 
formed  by  the  action  of  fire,  and  by  the 
decompolition  of  water  by  oil. 

Ti  I   of  benzoin,   which   h  .dy 

been  mentioned  under   the  name  of  flow 
of  1  n,  has  been  examined  by  Sche 

and  by  Lichtenftein.  The  firrt  obtained  it 
by  lixivation,  with  lime  water,  evaporation, 
and  precipitation,  by  means  of  the  muria- 
acid.  It  is  purified  by  folution  in  warm 
water,  and  cryftallization.  It  is  foluble  in 
24   parts  of  boili;  ter.       The    vitriolic 

and  nitrous  acids  dilTolve  it,   and  it  i 
feparated   again  from   thefc  ad- 

.11   of  cold  water.      It  uni: 

DC    to   mild   alkalies,    fix  bich    it 

ngages   the  aerial   ac  with 

them  peculiar  (all  .  -  Morvc 

calls  benzones.      This   acid  contains  an 
tenuated   oil,   which  renders  it  volati 
buftible.       It    dm  :d    is   diliipa: 

D  expo  fed  in  a  fpoon   to  the  flame  of  a 
blow    pipe.       And    it    t  IS    hard    w 

ramifications  on  its  furface,  if  it 
be   permitted    to   CO< 

.1   a    h 
dry  pi 
to  h  .;i  loll.      It  di 

dea 
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den  the  fyrup  of  violets,  but  it  acts  ftrongly 
on  the  tincture  of  turnfole.  Its  tafte  is  ir- 
ritating, without  any  very  fenfible  degree 
of  acidity.  Weak  nitrous  acid  being  diftil- 
led  from  the  acid  of  benzoin,  the  latter 
was  entirely  volatilized  without  alteration ; 
but  a  concentrated  nitrous  acid  being  em- 
ployed, the  acid  of  benzoin  became  fluid, 
more  fixed,,  and  according  to  Mr.  Herm- 
iladt,  affumed  the  characters  of  the  tarta- 
reous  or  faccharine  acids.  This  laft  fact 
however,  as  Mr.  de  Morveau  obferves, 
wants  confirmation.  Mr.  Scheele  has  dis- 
covered a  combination  of  the  acid  of  ben- 
zoin with  volatile  alkali,  in  the  extract  of 
urine,  and  the  acid  itfelf  in  the  fugar  of 
milk. 

The  malufian  acid  was  thus  named  by 
Mr.  de  Morveau,  becaufe,  though  many 
other  fubftances  contain  it  as  well  as  acids, 
it  is  moil:  eafily,  and  in  the  greater!:  pu- 
rity, obtained  from  apples.  To  procure 
this  acid  difcovered  by  Mr.  Scheele,  four 
apples  are  to  be  prefled,  and  the  juice  Sa- 
turated with  vegetable  alkali.  This  liquor 
is  to  be  mixed  with  a  Solution  of  fugar  of 
lead.  A  double  decompofition  then  takes 
place.  The  acetous  acid  Seizes  the  alkali, 
while  the  malufian  acid  combines  with  the 
calx  of  lead.  The  malufite  oS  lead  Sails  to 
the  bottom,  and  the  precipitate,  after  being 
wafhed,  is  treated  with  diluted  vitriolic  acid. 
Vitriol  of  lead  is  thus  formed,  and  the  ma- 
lufian 
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lufian  acid  is  left  difengaged.  The  vitriolic 
acid  mult  be  added  in  fufficicnt  quantity  to 
decompofe  all  the  maluiite  of  lead,  which 
may  be  known  by  the  freili  acid  tafte  of  the 
liquor. 

This  acid  polTeiTes  the  following  proper- 
ties :  It  cannot  be  obtained  in  the  concrete 
form.  With  the  three  alkalies  it  com  poles 
deliquefcent  neutral  (alts*  With  lime  it 
forms  a  (alt,  affording  imall  irregular  cryf- 
tals,  ibluble  in  boiling  water,  in  vinegar, 
and  in  the  malufian  acid  itfelf ;  with  clay 
it  forms  a  fait,  fcarcely  Ibluble  ;  with  mag- 
neiia  it  unites  in  a  deliquefcent  fait.  It 
diilblves  iron;  the  folution  being  brown, 
and  incapable  of  cryffallization.  With  zink 
it  affords  a  fait  in  beautiful  cryftals.  The 
nitrous  acid  changes  it  into  the  laccharinc 
acid.  It  precipitates  the  nitres  of  mercury, 
of  lead,  and  of  gold,  in  their  metallic  fl 
Calcareous  maluiite  decompofes  ammoniacal 
citrate  ;  and  calcareous  citrate  is  formed, 
which  is    infoluble  in  boiling  water,   and  in 

.tabic  acids.      The  folution  of  cal< 
maluiite  in  water  is  precipitated  by  fpirit  of 
wine.      Laftly,   the  an  acid  is  quickly 

deftroyed  by  I  hich  converts  it  into  the 

cretaceous   acid  ;    this   lail    fiturates    in    : 
the  bafes  of  maluiites,   decomposed  by  heat. 
Such  are  the  tics  which  eltablifb   the 

peculiar  cl  this  acid. 

has   found  this    acid    almoft 
pure,   or  :..  ,tity  of 

acid 
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acid  of  citrons,  in  the  juice  of  apples,  of  bar- 
berries, elder-berries,  wild-plumbs,  the  fruits 
of  the  fervice-tree,  plumbs,  &c.  He*  like- 
wife  found  it  united  with  half  its  weight  of 
citronian  acid  in  goofeberries,  cherries,  ftraw- 
berries,  rafpberries,  brambleberries,  &c.  and 
laftly,  he  has  obtained  it  from  fugar  by 
means  of  the  nitrous  acid ;  and  Mr.  de  Mor- 
veau  obferves,  that  the  malufian  acid  ap- 
pears before  the  faccharine  acid. 

When  four  fruits  contain  both  the  acid  of 
citrons  and  the  malufian  acid,  Mr.  Scheele 
makes  ufe  of  the  following  procefs  to  fepa- 
rate  them,  and  to  obtain  the  latter  in  a  ftate 
of  purity.  The  juice  of  goofeberries  faturated 
with  chalk  gives  a  calcareous  citrate,  which 
being  infoluble,  falls  to  the  bottom  -y  the 
fupernatant  liquor  holds  the  calcareous  ma- 
lufite  in  folution,  which  is  feparated  by 
means  of  fpirit  of  wine;  but  as  it  always 
remains  united  with  mucilage,  Mr.  Scheele 
had  recourfe  to  another  method  for  obtain- 
ing it  in  a  ftate  of  purity.  He  evaporated 
the  juice  of  goofeberries  to  the  confidence 
of  fyrup,  on  which  he  poured  fpirit  of  wine, 
which  diifolved  the  acid  without  acling  on 
the  mucilage.  The  latter,  of  courfe,  was 
feparated  by  filtration  :  the  filtrated  liquor 
being  expofed  to  evaporation,  and  then  fa- 
turated with  chalk,  the  portion  the  citro- 
nian acid  it  contained  was  depofited  in  the 
form  of  calcareous  citrate,  while  the  calca- 
reous   maluiite   remained  in   folution.     An 

addition 
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addition  of  more  fpirit  of  wine  precipitated 
it  ire  m  this  liquor,  and  he  obtained  tl 
lufian  acid  by  diflblying  this  (alt  in  water, 

and   precipitating   the    follltioo    hy   AC 

i;   after  which  the  malulitc  of  lead    was 

decompofed  by  the  vitriolic   acid;   th 

lufian  acid  by  this   means    remaining   in    an 

uncombiiu  in  the  hi; 

ice  the  difcovery  of  all  theft 

acids    by  Mr.  Scheele,   this  celeb 

milt  and  Mr.  Creli  have  obi  an  anal 

seen  many  of  them.     Mr.  Scheele,   \ 

at  firit   thought  the  acids  of  ibrrel    and  of 
ar   very    different    from   each   oth 

fucc  in  (hewing  that  they  are  one  and 

the  feme  acid  ;   firit,   by  removing  a  portion 

of  vegetable  alkali,  which  cor-  ie  pro- 

ties  of  the  pure  oxaline  acid,  in  the  frit 

of  ibrrel,   in  the  fame  manner  as  the  . 

tart  n  cream  Mr.  de 

LU   calls    theie    two   native    .  the 

one  tartareous  acidula,  and  the  other  o: 

line   acidula,   on  account  of  the  portion  of 
in.     To  obtain  the  <,  saline 
i  in  a  ftate  of  pu: 

its  folution  by  the  acetous  fah 

and  dec 

triuiic  acid:  the  liquid  oxaline  a.  iich 

floats  above   the  vitriol  of  lead,   afford* 

irely  fimilar   to  t1 
the    (accharine    acid.     2.   M 

pre  tity  in  an  inverle  v. 

recoi  j    fing   the   fait  of  ibrrel, 
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acidula,  by  pouring  drop  by  drop  a  folutiori 
of  vegetable  alkali  into  the  faccharine  acid  : 
During  the  effervefcence,  fmall  cryftals  of 
fait  of  forrel  in  a  ftate  of  great  purity  are 
depofited.  To  fucceed  in  this  experiment, 
it  is  neceffary  to  add  but  a  fmall  quantity  of 
the  vegetable  alkali ;  for  an  excefs  would 
form  the  oxalte  of  pot  am,  which  is  entirely 
foluble.  This  fact  may  be  fhewn  in  a  con- 
vincing manner,  by  pouring  either  the  pure 
oxaline  acid,  prepared  by  the  acetous  fait  of 
lead  and  vitriolic  acid,  or  faccharine  acid  form- 
ed by  means  of  nitrous  acid  into  a  faturated 
folution  of  oxalte  or  facchart  of  pot  afh.  The 
excefs  of  the  one  or  of  the  other  of  thefe 
acids  regenerates  fait  of  forrel,  or  oxaline 
acidula,  which  falls  down.  The  latter, 
therefore,  does  not  differ  from  the  pure  oxa- 
line or  faccharine  acid,  but  by  the  portion 
of  vegetable  alkali  it  contains. 

If  to  this  very  important  fadl  of  vegetable 
analyfis,  we  add  the  valuable  experiments  of 
Mr.  Crell,  who  has  obtained  the  acid  of  tar- 
tar from  the  fpirit  of  wine,  has  converted 
that  acid  into  vinegar,  and  into  faccharine 
acid,  and  this  laft  into  acetous  acid  ;  we 
fhall  perceive  that  the  faccharine  and  oxa- 
line acids,  and  alfo  the  tartareous  and  ace- 
tous are  very  analogous  to  each  other,  being 
formed  from  one  and  the  fame  bafe,  and 
differing  only  in  the  dofe  of  the  oxyginous 
principle  contained  in  each.  It  appears  that 
the  tartareous  acid  contains  the  fmalleft  por- 
tion, 
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tion,  that  the  faccharinc  or  pure  oxalinc 
contains  much  more  ;  and  that  the  acetous 
acid  contains  the  mod  of  thi<  principle.  I 
cannot  avoid  thinking,  that  fince  thefe  four 
vegetable  acids,  formerly  ftippofed  to  be  lb 
very  different  from  each  other,  have  already 
been  proved  to  have  the  fame  bale  combined 
with  different  doles  of  the  oxyginous  prin- 
ciple ;  wc  nuy  c  by  new  _ries  to 
find  a  like  analogy  between  many  others,  and 
especially  between  the  citronian  and  malu- 
fian  acid,  which  are  (b  often  found  togei 
in  vegetable  juices. 

XI V\  The  fpiritous  fermentation,  the  fi- 
multaneous  formation  of  the  cretaceous  a 
and  of  ardent  fpirit,  the  ncccffity  of  water  and 
of  a  faccharine  pri  for  the  carrying  on  of 

this  fermentation,  authorize  us  to  conclude, 

:    the  proccls   itfclf  is  a  confeque. 
the  decompofition  of  The  tous 

principle  of  this  liquid  feizes  the  carbonace- 
ous  principle,   with  which   it  forms  crc 
ceous  acid.     This  be  d9  and 

the  inflammable  gas  Qf  fixed  in  com- 

Ltion   v.  j   oily    ba  itli 

different   quantities  of  the  ox;. 

le,   forms   the  tartareous,   facchari: 
acetous   acids,  and  C 
This   theory  admirably  explain 
fpirit  affords  io  large  a  qu 

bullio:  .  it  is  ct 

nur.  ids  into  etous, : 

We  do  net,  it  muft  be  cor.. 
~l.  1.  g  under- 
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underftand  how  it  pafles  into  the  ftate  of 
aether;  but  it  is  probable  that  fpirit  of  wine, 
in  thefe  operations,  lofes  a  portion  of  its  in- 
flammable gas,  and  that  water  is  formed. 

XV.  Chemifts  at  prefent  begin  to  form 
probable  conje&ures  refpedting  all  the  desi- 
derata required  by  fcience  for  the  formation 
of  animal- matters.  Digeftion  appears  to  be 
a  fimple  extraction  or  folution  by  the  gaftric 
juice  ;  the  fixation  of  the  mephitis  is  one  of 
the  principal  funftions  of  the  animal  organifm. 
The  mephitis  appears  from  the  refearches  of 
Scheele,  and  especially  Berthollet,  to  con- 
ftitute  the  principal  difference  which  exifts 
between  vegetable  and  animal  matters,  by 
contributing  to  the  formation  of  the  volatile 
alkali,  which  the  latter  fubftances  give  out 
fo  abundantly  in  diftillation,  and  other  pro- 
ceifes.  It  is  not  yet  decided  in  what  manner 
the  mephitis  becomes  fixed  in  animals,  whe- 
ther by  means  of  the  flomach,  the  fkin,  6cc. 

The  different  animal  fluids  defigned  to 
maintain  the  various  organs,  the  diftindtion 
between  the  gelatinous  and  albuminous 
fluids,  and  the  fibrous  parts  diffblved  in 
certain  fluids,  is  at  prefent  well  eftablifhed. 
It  is  now  well  known  that  the  firft  is  the 
leaft  annualized  fubftance,  that  the  fecond 
is  more  fo,  and  that  the  third  is  the  lafl 
product  of  the  vital  action  on  the  fluids  ; 
that  the  firft  forms  the  folid  parts,  that 
the  albuminous  part  becomes  thick,  and 
concretes    by    heat,    v/hile    the    gelatinous 

fubftance 
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fubftance  is  more  difpofcd  to  melt,  but  at 
the    fame   time  more   quickly 

ill iar  acids  have  been  found  in  the  ex- 
crementitious  humours,  whofc  formation  is 
unknown;  efpecially  that  of  the  phofphoric 
ncid,  lb  abundantly  and  univerfally  difperfed 
through  this  kingdom. 

The  nature  of  animal  fclidfl  has  been 
much  attended  to  by  modern  chemiils.  The 
difference  between  the  fibrous  parts  of  the 
mufclcs,  and  the  membranous  coverings  of 
certain  parts,  &c.  is  known.  The  art  of  ; 
dicine  may  expect  from  chemical  difcovci 
the  folution  of  problems  relat;  the  for- 

mation of  the  feveral  matters  which  confti- 
tute    theft   parts  ;    and   efpecially   rel; 
the  phofphoric  acid,   the  albuminous  fluid, 
the  fibrous  matter,  calcareous  ply. 
the  peculiar  oils  found  in  tl  nil  kil 

dom.     The  formation  of  the 
fufpecled  by  Bergman   and  :ul  put 

out  of  doubt  by  Berthollet,  encourages  us 
to  hope  that  theie  problems  will  be  refoh 
in  due  courie.      It   is   pro: 
principal   facts  only   are  wanting  to 
us  to  arrive  at  fel  fultS  of  tl 

importance  ;   and    this  hop.  t   to    a 

'      te   fuch    phvlicians   as   a:  re   of 

importance  of  chemical  enquiri 

v'l.    Ever  lince  the  time  of  Lord  ( 
on,   the    importance   of  ch 
i  pi  ,   for  medical  p 

poK  .:i  well  known. 
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ficians  have  bulled  themfelves  on  this  fubject 
to  good  purpofe ;  but  the  caufe  of  this  de- 
compofition,  and  the  manner  in  which  it  is 
effected,  has  not  yet  been  difcovered.  Mo*- 
dern  experiments,  however,  have  thrown 
fome  light  on  this  important  fubject.  It  is 
fufpected  that  water,  which  favours,  and 
even  gives  life  to  putrefaction,  is  decompofed 
in  the  interline  motion,  which  conftitutes 
that  procefs.  The  volatile  alkali,  fo  abun- 
dantly formed  by  the  union  of  mephitis  and 
inflammable  air,  is  commonly  very  fenfible. 
The  flownefs  with  which  fat  is  decompofed, 
its  prefervation,  and  increafed  rigidity,  which 
in  certain  cafes  is  very  considerable,  arifes 
from  the  fixation  of  the  pure  air  of  water ; 
the  volatization  and  reduction  of  the  elaftic 
fluids,  of  animal  fubftances  deprived  of  life, 
expofed  to  the  air,  and  in  a  word,  the  com- 
plete reparation  of  all  thefe  principles,  and 
their  diffipation  in  the  atmofphere,  which 
tranfmits  them  to  new  (Combinations  ;  and 
more  efpecially  the  fucceflion  of  combina- 
tions and  transformations  from  one  kingdom 
to  the  other,  fo  well  expreffed  by  Beccher 
in  his  philolbphical  motto,  "  circulus  aster- 
"  ni  motus,"  by  which  he  expreffes  the 
never-  ceaiing  activity  of  nature,  are  among 
the  various  iubjects  we  may  expect  to  fee  ex- 
plained by  the  enlightened  chemiftry  of  mo- 
dern times. 
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Definition  of  Chemiftry  -,    the  methods    of 
performing  operation-  ^es 

derived  from  this  Science,  &c. 

CHi  TS  are  not  eed 

on   the  moft   proper   definition  of 
Chemiftry.   L  ve,  in  his  Ele- 

ments,   fecms    to    have    ranked   it 
among  the  arts ;  or,  to  fpeak  more  ..te- 

ly,  defined  only   the  \ 

Chemiftry,    according    to    Macq  -    a 

Vol.  I,  A  nee, 
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fcience,  whofe  objedt  is  to  difcover  the  na- 
ture and  properties  of  all  bodies,  by  their 
analyfes  and  combinations ;  and  this  defini- 
tion is  indifputably  the  beft  that  has  yet 
been  given.  But  as  it  is  certain  that  the  ana- 
lyfis  and  fynthefis  cannot  with  equal  fuccefs 
be  employed  in  all  cafes  where  bodies  are  to 
be  examined,  would  it  not  have  been  better 
to  have  omitted  mentioning  them  in  defin- 
ing this  fcience  ?  The  chemift  cannot  ar- 
rive at  the  knowledge  of  the  properties  of 
bodies,  but  by  bringing  thorn  into  contact ; 
and  as  the  refult  is  derived  only  from  the 
mutual  adlions  of  bodies  on  each  other,  we 
think  the  following  definition  may  be  pro- 
perly adopted :  Chemiftry  is  a  fcience  which 
teaches  the  mutual  adtions  of  all  natural  bo- 
dies on  each  other*.  The  fadls  hereafter  to 
be  related,  will  illuftrate  this  definition. 
To  exhibit  the  extent  of  this  fcience  with 
perfpicuity  and  order,  we  fhall  proceed  to 
confider  the  objects  or  fubftances  to  which 
its  refearches  or  operations  are  directed,  the 
methods  or  means  employed,  and  the  ad- 
vantages propofed  to  be  thence  derived. 

§  i.  Concerning  the  objedl,  the  methods, 
and  the  intention  of  chemiftry. 

The  obje&s  to  which  the  attention  of  the 

*  This  is  too  general ;  as  it  includes  mechanical  ac- 
tions.    T. 

chemift 
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chemift  is  directed,  comprehend  the  whole 
of  the  fubftances  that  compofe  the  globe 
we  inhabit,  whether  buried  in  its  interior 
parts,  or  found  at  its  furface.  Chemiftry  is, 
therefore,  of  equal  extent  with  natural  hif- 
tory,  the  fame  limits  being  common  to 
both. 

Analyfis,  or  decompofition,  and  fynthefis, 
or  combination,  are  the  two  methods  which 
chemiftry  ufes  to  accomplish  its  purpofes. 
The  firft  is  nothing  more  than  the  fepara- 
tion  of  bodies,  whofe  union  formed  a  com- 
pound fubftance.  Cinnabar,  for  example, 
is  compofed  of  fulphur  and  mercury ;  the 
art  of  chemiftry  feparates  the  two,  and  by 
that  means  analyzes  it.  Till  very  lately  it 
has  been  generally  thought,  and  there  are 
ftill  many  perfons  who  retain  the  opinion, 
that  this  method  is  more  advantageous  in 
chemical  refearches  than  the  other.  This 
opinion  had  even  acquired  fuch  place  in 
the  minds  of  the  learned,  that  many  writers 
have  defined  chemiftry  to  be  the  fcience  of 
analyfis.  But  nothing  can  be  more  con- 
trary to  the  accurate  and  well  founded  idea 
or  degree  of  eftimation  we  ought  to  have  of 
decompofition.  In  order  to  mew  this  im- 
portant truth  in  its  proper  light,  it  is  ne- 
ceflary  to  diftinguifh  two  kinds  of  analyfis ; 
the  true,  or  fimple  ;  and  the  falfe,  or  com- 
plicated. We  call  that  the  true  analyfis, 
by  which  the  principles  of  a  body  are  ob- 
A  2  tained, 
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tained,  without  having  themfelves  fuffered 
any  alteration.  The  only  diftinguifhing  cri- 
terion of  this  is,  that  by  recombining  them, 
a  body  is  again  produced,  abfolutely  fimilar 
to  that  which  before  wTas  analyzed.  Cinna- 
bar will  again  furnifh  us  with  an  example. 
When  by  chemical  methods,  the  two  fub- 
ftances  which  enter  into  the  compofition  of 
this  body,  namely  mercury  and  fulphur,  are 
feparated,  they  are  found  to  be  in  a  ftate  of 
purity,  fimilar  to  that  they  pofleffed  before, 
when  united  in  the  form  of  cinnabar  ;  for, 
by  uniting  them,  a  body  is  again  formed, 
in  no  refpecl:  differing  from  the  cinnabar 
originally  made  ufe  of.  Unfortunately  for 
the  progrefs  of  fcience,  this  kind  of  analyfis 
is  very  rare.  Chemifts  are  not  fo  happy 
as  to  be  able  to  apply  it  to  many  of  the  bo- 
dies they  make  experiments  with  ;  for  ex- 
cept the  neutral  falts,  and  fome  other  mine- 
ral bodies,  there  are  no  other  fubftances  in 
nature  that  admit  of  its  application.  The 
falfe,  or  complicated  analyfis,  is  that,  by 
means  of  which,  no  other  principles  are 
feparated  from  a  body,  but  fuch  as  in  their 
original  ftate  pofleffed  fome  other  form,  and 
confequently  cannot,  by  their  re-union,  com- 
pofe  again  the  body  from  which  they  were 
obtained.  This  kind  of  decompofition  takes 
place  in  moft  of  the  bodies  analyzed  by  che- 
mifts ;  no  other  condition  being  requifite, 
but  that  more  than  two  principles  enter  into 

the 
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the  combination  to  be  examined,  and  that 
they  have  an  affinity  for  each  other.  Many 
minerals,  and  all  vegetable  and  animal  mat- 
ters without  exception,  are  capable  of  no 
other  kind  of  analyfis.  Thus  it  is  that 
fugar,  fubmitted  to  diftillation  in  a  retort, 
affords  an  acid,  an  oil,  and  a  coaly  reiidue, 
which  might  in  vain  be  employed  in  at- 
tempts to  re-produce  fugar  by  combination. 
This  kind  of  analyfis  does  not  fhew  the  ftate 
in  which  the  principles  were  before  their 
feparation,  and  cannot  therefore  afford  any 
confiderable  information  ;  but,  on  the  con- 
trary, deferves  to  be  attended  to  with  the 
greateft  caution.  From  refults  of  this  kind 
have  arifen  all  the  cenfure  chemiftry  is 
loaded  with.  It  has  been  urged,  that  bo- 
dies were  deprived  of  their  organization,  and 
.abfolutely  deftroyed  in  attempts  to  arrive  at 
their  principles.  Neither  can  it  be  denied, 
but  that  this  cenfure  has  been  for  a  long 
time  deferved;  but  at  prefent,  the  fcience 
of  chemiftry,  having  become  more  circum- 
fpect  and  enlightened,  refufes  its  affent  to 
the  deceitful  analyfis  to  which  it  formerly 
had  recourfe,  and  poffefles  the  means  of  in- 
quiring into  the  properties  and  component 
principles  of  bodies,  without  deftroying  or 
altering  their  nature. 

Synthefis,    or   combination,    which   con- 

ftitutes   the  fecond  method   of  profecuting 

chemical    inquiries,     the    formation    ot   a 

A  3  com- 
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compound  by  the  artificial  re-union  of 
feveral  principles.  Its  utility,  extent,  and 
the  dependance  that  may  be  placed  on  the 
refults  it  affords,  renders  it  by  much  the 
mod  valuable  method.  We  may  even  af- 
firm, that  there  is  not  a  fingle  operation  in 
chemiftry,  in  which  fome  combination  does 
not  take  place.  Chemifts  do  not  feem  to 
have  fufiiciently  attended  to  this  important 
circum'ftance.  In  fact,  the  fynthetical  ope- 
rations, or  events,  are  not  only  more  fre- 
quent, but  more  ufeful,  than  the  analyti- 
cal ;  and  it  would  afford  no  very  inadequate 
idea  of  chemiftry,  if  we  were  rather  to  term 
it  the  fcience  of  combination,  than  of  ana- 
lyfis. 

Though  thefe  two  methods  are  fometimes 
employed  feparately,  it  is  neverthelefs  much 
more  ufual  to  find  them  united.     It  often 
happens,  that  a  true  analyfis  cannot  be  made, 
but  by  the  help  of  fome  combination.     Falfe 
analyfes,  or  decompofitions,  are  always  at- 
tended   with  fynthetical   proceffes,   or  new 
combinations.     In  a  word,  it  is  not  unufual 
to  find,  that  a  kind  of  analyfis  follows  as  a 
confequence  from  certain  acts  of  combina- 
tion ^  an  event,  which  has  not  been  known 
till  very  lately.     The  difcovery  of  a  great 
number  of  aeriform  fluids,  whofe  exiftence 
was  not  formerly  fo  much  as  fufpected,  has 
(hewn,  that  in  many  operations  which  were 
fuppofed   to   be   fimple    combinations,    an 

elaftic 
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elaftic  invifible  fluid  is  difengaged  with  ef- 
fervefcence,  and  either  efcapes  into  the  at- 
mofphere,  or  is  received  in  vefiels,  in  which 
the  ingenuity  of  modern  philofophers  has 
taught  us  how  to  confine  it.  The  greater 
number  of  combinations  of  two  fubftances, 
hitherto  thought  to  be  fimple,  exhibit  this 
kind  of  analyfis  ;  and  frequent  examples 
will  offer  themfelves  when  we  come  to  treat 
of  neutral  falts. 

From  this  curfory  account  of  the  analyfis 
and  fynthefis  of  the  chemifls,  it  is  eafy  to  be 
fecn,  that  the  whole  art  of  chemiftry  con- 
fifts  in  promoting  the  mutual  actions  of  bo- 
dies on  each  other,  and  carefully  obferving 
the  phenomena  that  take  place.  It  mufl 
not  be  forgotten,  that  thefe  two  methods 
are  continually  practifed  in  the  grand  opera- 
tions of  nature,  of  which  the  chemift  is  only 
an  imitator.  The  operations  all  depend  on 
laws  eftablifhed  between  bodies,  and  re- 
quire nothing  more,  in  order  to  their  being 
perfectly  accomplished,  than  that  the  bodies 
to  be  examined  be  put  into  a  fituation  proper 
to  act  on  each  other.  Thefe  important 
truths  require  to  be  maturely  weighed  and 
confidered  with  the  moft  ferious  attention, 
by  the  ftudent  who  is  defirous  of  penetrating 
into  the  depths  of  chemiftry  :  and  thefe, 
together  with  other  truths  explained  in  this 
firft  part,  form  the  bafis  of  the  fcience. 

Hence  it  is  very  eafy  to  form  an  idea  of 
A  a  the 
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the  end  or  intention  of  chemiftry,  which 
is  erroneoufly  faid  to  confift  in  the  difcovery 
of  the  principles  of  bodies.  For  it  is 
clearly  fhewn,  that  there  are  many  bodies 
that  cannot  be  feparated  into  principles,  but 
are  fimple  fubftances,  as  far  as  our  prefent 
knowledge  extends ;  yet  thefe,  though  not 
fufceptible  of  analyfis,  mull  have  chemical 
properties,  or  powers  of  acting  on  other  bo- 
dies, and  of  forming  combinations  with  them. 
The  true  purpofe  or  intention  of  chemiftry 
therefore,  is  to  inquire  into  the  action  of 
natural  bodies  on  each  other,  as  well  and 
even  more,  by  fynthefis  than  by  analyfis. 
This  confideration  ferves  completely  to  efta- 
blifh  the  property  and  truth  of  our  de-¥ 
finition. 

§  2.  Concerning  the  ufeful  purpofes  to 
which  chemiftry  is  applicable. 

To  give  a  view  of  the  numerous  advanta- 
ges mankind  derive  from  this  fcience,  would 
require  a  feparate  treatife  ;  and  as  the  nature 
of  this  work  does  not  admit  of  our  purfuing 
that  fubject  at  large,  we  fhall  content  our- 
felves  with  exhibiting  the  principal  out- 
lines, and  dwelling  more  particularly  on 
fuch  fubjects,  as  in  our  opinion  have  not 
been  fecn  in  a  proper  point  of  view. 

The  great  number  of  arts  that  are  in- 
debted to  chemiftry,  may  be  ranged  under 

two 
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two  principal  dlvifions.  The  firft  compre- 
hends all  the  mechanical  arts,  which  are  re- 
ducible to  geometrical  principles.  The  fe- 
cond  contains  all  thofe  arts,  whofe  manipu- 
lations depend  on  chemiftry,  and  may  be 
properly  termed  chemical  arts.  This  laPc 
clafs  is  much  more  numerous  than  the  other. 
As  they  are  all  founded  on  chemical  pheno- 
mena, it  is  eafy  to  imagine  that  the  rules  of 
chemiftry  ought  to  direct  the  practice,  and 
that  this  fcience  may  Amplify  the  proceffes 
by  new  difcoveries,  render  their  fuccefs  more 
certain,  and  even  extend  their  limits.  Among 
thefe  are,  1.  The  arts  of  making  bricks, 
tiles,  and  the  varieties  of  pottery  ;  all  which 
confift  in  the  preparation  of  different  kinds 
of  clay,  and  bringing  them  by  baking  ro  the 
requifite  degree  of  hardnefs.  2.  The  art  of 
glafs-making,  which  by  uniting  a  vitrifiable 
earth  with  a  faline  fubftance,  produces  a  new 
fubftance  pofteffing  great  hardnefs,  tranfpa- 
rency,  and  durability,  on  expofure  to  the 
air.  A  wonderful  art,  which,  in  its  various 
applications,  has  been  of  the  moil:  effen- 
tial  fervice  to  mankind.  3.  The  arts  of 
extracting  metals  from  their  ores,  of  caft- 
ing,  of  purifying,  or  of  alloying  them  with 
each  other,  owe  their  origin  and  progrefs  to 
chemiftry,  and  daily  receive  new  advantages 
from  the  fame  fource.  4.  The  vegetable 
kingdom  affords  materials  to  a  great  number 
of  arts,  which,  like  the  foregoing,  are  under 

the 


IO  CHEMICAL      ARTS. 

the  dominion  of  chemiftry  :  the  arts  of  con- 
verting faccharine  juices,  or  farinaceous  bo- 
c^es,  into  vinous  liquors;  of  extracting  from 
thofe  liquors  the  ardent  fpirit  they  contain  ; 
of  feparating  the  fpirit  from  the  water,  with 
which  it  is  diluted  in  its  fir  ft  ftate;  of  unit- 
ing this  fpirit  to  the  aromatic  parts  of  plants : 
the  art  of  extracting  the  colouring  matter  of 
plants,  and  applying  it  to  different  fluffs: 
of  changing  wine  into  vinegar,  and  uniting 
this  laft  with  various  fubftances  ;  of  feparat- 
ing from  grain,  and  other  parts  of  vegetables, 
the  precious  matter  deftined  to  form  bread, 
a  digeftible  and  light  fubftance  prepared  from 
a  dry  and  infipid  farinaceous  powder ;  all 
thefe  arts,  and  a  very  great  number  of  others, 
that  cannot  be  enumerated  in  this  place, 
are  entirely  chemical,  and  are  indebted  to 
that  fcience  for  their  prefent  perfection,  and, 
in  many  inftances,  for  their  firft  invention. 
This  valuable  fcience  has  claims  equally 
extenfive  and  important  on  the  arts  that  con- 
vert the  parts  of  animals  to  our  ufe  and  ad- 
vantage. Among  thefe  is  the  ufeful,  though 
too  little  confidered,  art  of  cookery,  whofe 
true  purpofe  is  lefs  to  flatter  the  organs  of 
tafte  by  capricious  variations  of  form  and 
flavour,  than  to  render  aliments  of  eafy  di- 
geftion,  by  developing  their  tafte  by  boil- 
ing, or  by  mild  and  natural  feafoning.  Some 
readers  will,  doubtlefs,  be  furprifed  to  find 
the  art  of    cookery,    which    is    ordinarily 

thought 
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thought  of  fo  fmall  confequence,  placed  in 
the  rank  of  thofe  which  chemiftry  is  capable 
of  advancing.      It  will  be  fufficient  on   this, 
occafion    to  anfwer,    that  all   the  proceffes 
ufed  in  the  preparation  of  food  are  chemical ; 
and  that   it   is   not  beneath  the  chemift,  to 
pay  fome  attention  to  an  art  that  fo  materi- 
ally affedls  the   health.      The   arts   of  dref- 
fing,    taning,    and   currying   fkins,    and  of 
making  hats,  are  of  the  fame  clafs  ;   but  one 
of  the  moft  important  arts  which  occupies 
the  middle  rank  between  the  arts,  properly 
fo   called,    and   the   fciences,  is  pharmacy. 
Every  perfon  concerned  in  pharmacy,  has 
need  of  a  very  extended  knowledge  of  che- 
miftry, in  order  to  know  the  alterations  the 
matters  he  ufes  are  fubjedt  to,  that  he  may 
prevent  and  corredl   them;  to  difcover  the 
changes  compound  medicines  undergo;  and, 
in  a  word,  to  determine  inftantly,  the  com- 
binations and  decompoiitions  that  may  fol- 
low from  the  mixture  of  fimple  drugs   in 
extemporaneous  prefcriptions.  Every  impar- 
tial perfon  who  reflects  on  this  fubjedt,  will 
determine,  that  fuch  as  are  neceffarily  em- 
ployed in  pharmacy  fhould,  after  acquiring 
the  previous  knowledge  of  natural  hiflory, 
indifpenfable  in  becoming  acquainted  with 
the  Materia  Medica,  pay  the  moft   ferious 
and  unremitted  attention  to  chemiftry.     By 
thefe  means,  and  by  thefe  alone,  it  is,  that 
the  art  of  medicine  can  be  reduced  to  prin- 
ciples. 
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ciples,  and  rendered  equal  to  the  perform- 
ance of  thofe  fervices,  which  have  long 
fince  placed  it  in  the  honourable  eftimation 
of  fociety. 

A  very  tranfient  profpecl:  of  the  fciences, 
will  furriciently  (hew  the  great  benefits  to 
which  they  may  derive  from  chemiftry. 
Natural  hiftory  is  among  thofe  that  receive 
the  higheft  advantages  from  it.  The  cha- 
racters employed  by  the  early  naturalifts 
to  diftinguifh  minerals,  were  taken  only 
from  their  phyfical  properties,  as  colour, 
form,  confidence,  &c. ;  but  thefe  proper- 
ties being  fubject  to  great  variation,  the 
bodies  mentioned  or  defcribed  by  the  an- 
cient philofophers  are  no  longer  known, 
and  the  immenfe  labours  of  the  firft  natu- 
ralifts are  almoft  entirely  loft.  The  mo- 
derns have  perceived,  that  in  order  to  avoid 
this  inconvenience,  fo  deftru&ive  to  the 
progrefs  of  natural  hiftory,  it  was  neceffary 
to  follow  another  method.  The  "method  of 
chemical  analyfis  appeared  to  deferve  the 
preference ;  and  the  bufinefs  is  already  in 
fuch  forwardnefs,  that  claiTes  are  eftablifhed 
among  minerals,  founded  on  the  nature  and 
quantity  of  the  principles  which  enter  into 
their  compofition.  It  is  to  the  labours  of 
Meffrs.  Bergman,  Bayen,  Monnet,  &c.  that 
we  are  indebted  for  the  advancement  of  this 
part  of  natural  hiftory.  Wallerius,  Cron- 
itedt,  and  feveral  other  learned  mcn9  began 

the 
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the  tafk  of  claffing  mineralogy  upon  chemi- 
cal principles.  M.  Bucquet,  in  his  latter 
courles  of  le&ures,  improved  on  the  know- 
ledge thefe  two  celebrated  naturalifts  have 
tranfmitted  to  us,  by  adopting  a  method  of 
claffing  minerals,  on  principles  entirely  che- 
mical. M.  Sage,  who  has  analyzed  a  great 
number  of  minerals,  has  followed  a  method 
purely  chemical  in  his  difpofition  of  thefe 
bodies  ;  and,  though  his  theory  is  not  yet 
univerfally  received,  it  is  certain  that  mine- 
ralogy is  under  great  obligations  to  him ; 
and  that  he  ranks  among  thofe  who  have  cul- 
tivated it  with  the  greateft  fuccefs  in  France. 
M.  Daubenton  has  availed  himfelf  of  the 
labours  of  all  his  cotemporaries,  and  has 
adopted  their  methods  and  conclufions  with 
that  caution,  which  is  the  true  character  of 
a  philofopher,  whofe  only  aim  is  to  difcover 
and  obtain  the  truth,  feparated  from  the 
numerous  uncertainties  and  errors,  w7ith 
which,  unhappily  for  mankind,  it  is  too 
often  attended.  Nothing,  therefore,  can  be 
fhewn  more  evidently,  than  the  advantages 
refulting  from  the  application  of  chemiftry 
to  natural  hiftory,  as  it  is  the  only  means 
of  removing  that  obfcurity  that  muft  at- 
tend fimple  defcriptions  of  external  ap- 
pearances. The  juft  and  truly  valuable 
obfervation  of  M.  Daubenton,  deferves  to 
be  conftantly  attended  to  by  all  chemical 
philofophers.  He  warns  them  to  be  very 
careful  in  defcribing  the  fpecimens  on  which 

they 
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they  make  their  experiments,  in  order  that 
they  may  be  underflood  by  all  naturalifis, 
and  to  avoid  that  confufion,  which,  accor- 
ding to  that  celebrated  profeffor,  prevails 
throughout  the  works  of  many  modern  che- 
mifts.  M.  Bucquet,  and  myfelf,  have  found 
no  other  means  of  avoiding  this  error,  than 
that  of  uniting  both  fciences  in  our  le&ures, 
and  afTociating  the  knowledge  obtained  from 
the  works  of  naturalifts,  with  that  which 
chemical  experiments  daily  produce. 

It  is  not  fo  clearly  determined  in  the 
opinion  of  the  world  in  general,  that  che- 
miftry  is  ufeful  in  medicine.  The  errors  of 
the  chemical  phyficians  of  the  laft  century, 
and  the  indifference  many  practitioners  of 
the  prefent  time  feem  to  have  for  this  fci- 
ence,  have  produced  a  difadvantageous  opi- 
nion in  the  minds  of  many  perfons,  which 
time  alone  can  remove.  In  the  mean  time, 
however,  it  would,  be  more  prudent,  inftead 
of  entertaining  an  ill-founded  prejudice, 
to  inquire  with  impartiality  into  the  caufe 
of  the  errors  committed  by  chemifts,  into 
the  means  of  preventing  them,  and  of  re- 
ftoring  to  chemiflry  that  eftimation  it  has 
unjuftly  been  deprived  of.  If  the  enthufiafm 
of  the  firft  phyficians,  who  cultivated  che- 
miflry, milled  them,  it  does  not  follow  that 
any  conclufion  can  be  drawn  from  thence  that 
may  be  applied  to  the  prefent  time.  The  ex- 
actnefs  which  the  moderns  have  introduced 

into 
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into  every  part  of  experimental  philofo- 
phy,  ought  to  remove  the  appreheniions 
of  fuch,  as  for  want  of  acquaintance  with  the 
fubject,  are  apt  to  imagine  that  chemiftry 
is  ftill  the  dark,  mvfterious  fcience  it  was 
a  century  ago.  By  a  due  attention  to  the 
extent  of  its  powers,  and  a  careful  ufe  of 
them,  there  cannot  be  a  doubt  but  it  will 
be  found  of  the  higheft  utility  to  medicine. 
After  this  acknowledgment  of  the  wander- 
ings of  the  early  chemifts,  let  us  finiih.  the 
j  unification  of  the  fcience,  by  enquiring 
what  departments  of  medicine  are  capable 
of  deriving  the  greateft  advantages  from  its 
affiftance.  The  two  great  branches  of  this 
vaft  fcience,  are  theory  and  practice ;  which 
ought  not  to  be  feparated  from  each  other, 
as  fome  authors  have  thought  fit  to  do. 
The  ftudy  of  medicine  ought  necefiarily  to 
commence  with  the  anatomical  hiftory  of 
man,  and  of  animals.  Anatomy  can  only 
be  employed  on  the  folids.  But  phyfiolo- 
gifts  mull  be  well  aware,  that  the  greater! 
part  of  animal  bodies  is  formed  of  fluids  ; 
by  the  motion  of  which,  life  is  maintained. 
If  therefore  the  attention  were  confined  to 
the  veflels,  without  attempting  to  arrive  at 
the  nature  and  properties  of  thefe  fluids,  we 
fhoifld  be  acquainted  only  with  a  part  of  the 
living  ceconomy.  It  bslongs  to  chemiftry 
to  examine  them  ;  and  it  is  chemiftry  alone, 
that  can  throw  any  light  on  their  compoii- 

tion, 
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tion,  and  the  changes  they  undergo,  by  the 
proceffes  there  are  carried  on  during  life. 
We  cannot  avoid  having  recourfe  to  this 
fcience,  in  our  endeavours  to  difcover  the 
true  mechanifm  of  the  animal  functions  ;  the 
properties  of  the  fluids  feparated  by  the  dif- 
ferent vifcera;  or  the  alterations  fuch  fluids 
undergo,  during  their  time  of  remaining  in 
the  refervoirs  into  which  they  are  fecreted. 
A  knowledge  of  the  compofition  of  animal 
fluids  being  once  acquired,  it  will  be  necef- 
fary  to  enlarge  and  multiply  our  refearches 
on  fubjects  of  different  age,  fex,  and  tem- 
perament, in  various  climates  and  feafons ; 
and  to  purfue  them  among  the  different 
claffes  of  animals ;  that  by  eitablifhing  ufe- 
ful  points  of  companion,  the  limits  of  fci- 
ence mav  be  extended. 

The  labour  of  the  medical  inquirer  is 
not  confined  to  the  ftudy  and  examination 
of  the  properties  of  animal  fluids  in  a  ftate 
of  health  ;  but  requires  to  be  carried  far- 
ther. The  kinds  of  alterations  they  are 
fubjedt  to,  in  the  feveral  diforders  that  afflict 
the  human  frame,  muff  be  inquired  into.  A 
difcovery  what  part  of  the  animal  liquids 
predominate  in  inflammatory,  putrid,  fcor- 
butic,  or  fcrophulous  diforders  >  or  the  ana- 
lytical knowledge  of  the  faline  fubflances 
developed,  and  the  nature  of  the  extrava- 
fated  matter,  with  numberlefs  other  objects 
of  refearch,  cannot  but  be  of  the  utmoft 

value 
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value  and  importance  in  the  fcience  of  me- 
dicine. We  think  it  equally  neceffary  to 
examine  the  folids,  by  chemical  methods, 
as  well  in  the  found  as  in  the  difeafed  ftate, 
and,  by  a  companion  of  their  properties,  en- 
deavour to  difcover  to  which  of  the  fluids 
they  owe  their  formation  ;  and  this  being 
known,  we  may  proceed  to  conjecture  in 
morbific  difpofitions,  the  folid  or  fluid 
that  has  fuffered  a  change.  This  pofition, 
which  we  flightly  mention  in  this  place, 
will  be  more  largely  explained  in  the  chap- 
ters relating  to  animal  matters. 

If  it  be  thus  eftablifhed,  that  the  theory 
of  medicine  is  capable  of  receiving  the  moft 
effential  advantages  from  chemiftry,  it  is 
equally  certain  that  the  practice  is  no  lefs 
in  need  of  the  fame  affiilance  ;  fince  both 
muft  of  necefiity  accompany  each  other,  and 
are  promoted  by  the  fame  means.  And,  in 
fact,  it  is  eafy  to  fhew  the  immediate  de- 
pendence of  the  pra&ice  upon  the  fcience 
wearejuftly  commending,  without  having 
recourfe  to  the  fecondary  advantage  the  prac- 
tical part  of  medicine  cannot  but  receive 
from  every  real  improvement  of  the  theory. 
To  begin  with  the  art  of  preferving  health  : 
nothing  can  be  more  evident  than  that  the 
choice  of  aliments,  and  of  air,  cannot  be 
made  with  any  certainty,  but  in  confequence 
of  chemical  refearches  into  the  nature  of 
foods,  and  the  properties  of  the  atmofpheric 

Vol.  I.  B  fluid. 


l8  MEDICAL      CHEMISTRY. 

fluid.  Chemifts  alone  can  inform  us  of  the 
quantity  of  nutritive  matter  contained  in 
the  aliments  we  make  ufe  of;  the  ftate 
it  is  found  in  ;  the  nature  and  quantity  of 
the  fubftances  it  may  be  combined  with; 
the  means  of  extracting,  purifying,  and  pre- 
paring it,  fuitably  to  different  ftomachs; 
or  of  giving  it  the  due  degree  of  attenuation 
appropriated  to  every  constitution  of  the  in- 
ternal parts.  It  is  to  this  fcience  that  we 
muft  apply  for  information,  refpecting  the 
nature  of  the  fluids  that  ferve  us  for  drink  ; 
the  properties  which  water  ought  to  poflefs 
for  the  purpofes  of  life,  and  the  means  of 
examining  into  its  purity,  or  difcovering 
thofe  fubftances  that  vitiate  it*;  the  prin- 
ciples and  properties  of  fermented  liquors  ; 
and  the  methods  of  examining  into  their 
compofition,  as  well  to  determine  their  fa- 
lubrity,  as  the  adulterations  which  they 
may  have  undergone.  In  a  word,  it  is  che- 
miftry  which  mews  the  properties  of  the 
air  which  we  refpire,  and  without  which, 
life  could  not  for  a  moment  be  fupported. 
The  changes  this  fubtle  fluid  is  liable 
to,  from  various  agents,  and  the  nature  of 
thofe  agents,  the  truly  precious  means  of 
correcting  its  bad  qualities,  and  rendering  it 
fitter  for  the  grand  purpofe  of  refpiration, 
are  among  the  difcoveries  of  modern  che- 
mifts. 

The  phyfician  ought  not  to  make  ufe  of 
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medicines,  unlefs  he  is  acquainted  with  their 
nature;  and  in  the  inquiry,  he  muft  have 
recourfe  to  chemiftry.  This  truth  has  been 
always  fo  well  eftablifhed,  that  writers  on 
the  Materia  Medica  have  clafled  the  me- 
dicaments according  to  their  chemical  prin- 
ciples. The  obfervation  of  all  ages  has 
fhewn,  that  there  is  an  intimate  connexion 
between  the  tafte  of  drugs,  and  the  manner 
of  their  acting  on  the  human  frame  :  fo  that 
a  good  judgment  may  be  formed  of  the  me- 
dical properties  of  a  fubftance  from  its  tafte. 
Thus  it  is  that  bitters  are  ftomachic,  iniipid 
fubftances  are  mild  and  relaxing,  and  acid 
matters  are  a&ive,  penetrating,  and  incifive. 
Now,  as  the  tafte  is  truly  a  chemical  pro- 
perty, depending  entirely  on  the  tendency  of 
bodies  to  combination,  as  wre  {hall  elfewhere 
fhew,  chemiftry  muft  of  courfe  be  of  great  fer- 
vice  in  the  adminiftration  of  medicines.  It 
muft  not,  however,  be  concluded  according  to 
the  chemifts  of  the  laft  century,  that  the  fto- 
mach  refembles  a  veflel,  in  \Vhich  operations 
are  performed  as  in  a  chemical  laboratory; 
where  acids,  for  example,  meet  and  effer- 
vefce  with  alkalis.  The  inteftines  are  en- 
dued with  feniibility,  and  a  peculiar  mo- 
tion, that  modify  the  nature  and  effedts  of 
remedies  ;  and  the  difcretion  of  an  en- 
lightened obferver,  ought  always  to  regulate 
his  imagination,  fo  as  to  prevent  his  falling 
into  any  ridiculous  hypothefis.  It  cannot  be 
B  z  denied, 
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denied,  but  there  are  cafes  wherein  medicines 
aft  in  the  firft  paflages  by  means  of  their 
chemical  properties  ;  and  in  thefe  cafes  the 
phyfician  may  reafon  and  conduct  himfelf 
according  to  immediate  deductions  from 
chemical  principles.  Thus  it  is  proved,  by 
lojig  experience,  that  in  the  difeafes  of  in- 
fants, the  ftomach  and  interlines  are  coated 
with  a  tenacious  vifcous  matter,  of  a  mani- 
feftly  acid  nature.  The  abforbent  earths, 
and  even  the  alkalis  adminiltered  on  fuch 
occaiions,  deftroy  this  acid  by  combining 
with  it,  and  form  a  neutral  purgative  fait 
that  evacuates  this  noxious  matter,  by  fti- 
mulating  the  inteftines.  Every  diforder 
which  is  attended  with  an  accumulation  of 
obftrufting  matter  in  the  firft  paflages,  ne- 
ceflarily  demands  a  knowledge  of  chemiftry 
in  the  exhibition  of  medicines.  But  the 
greateft  advantage  the  practitioner  can  derive 
from  this  knowledge,  is,  without  doubt,  in 
thofe  unhappy  cafes,  wherein  by  miftake  or 
defign,  corrofive  fubftances  have  been  taken 
that  might  prove  mortal  by  attacking  the 
vifcera,  and  deftroying  their  organization. 
Chemiftry  then  lends  its  ready  and  inefti- 
mable  aid  to  medicine,  by  affording  fub- 
ftances capable  of  changing  the  nature  of 
the  poifon  by  decompofition ;  or  of  other- 
wife  immediately  flopping  its  pernicious  ef- 
fefts.  The  work  of  M.  Navier,  a  cele- 
brated medical  chemift  of  Chalons,  points 

out 
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out  the  moft  efficacious  means  of  preventing 
the  deflrudtive  confequences  of  the  poifons  of 
arfenic,  corrolive  fublimate,  verdegrife,  and 
the  preparations  of  lead  ;  and  notwithstand- 
ing the  declamations  of  certain  phyficians, 
who  feem  defirous  of  excluding  the  fciences 
from  the  practice  of  medicine,  his  work  will 
receive  the  tribute  of  gratitude  from  pofte- 
ritv. 

Chemiftry  is  not  adequate  to  the  counter- 
acting the  effects  of  all  poifons,  but  there 
is  good  reafon  to  hope  that  refearches  into 
the  nature  of  vegetable  and  animal  poi- 
fons, if  made  with  fkill  and  care,  would  be 
attended  with  the  difcovery  of  remedies  of 
fufficient  power  to  counteract  them.  Opium, 
and  all  narcotic  vegetables,  the  acid  and 
cauftic  juices,  fuch  as  thole  of  fpurge  and 
euphorbium,  the  noxious  plants,  and  more 
efpecially  the  fungi,  demand  the  particular 
attention  of  chemifts,  for  the  difcoverv  of 
fubftances  proper  to  obviate  their  danger- 
ous effecls.  With  no  lefs  utility,  an  in- 
quiry might  be  made  into  the  animal  poi- 
fons. We  are  already  acquainted  with  the 
acid  of  ants,  from  the  experiments  of  Mar- 
graaf  and  Fontana.-  Thouvenel  has  difco- 
vered  feveral  acrid  matters  in  cantharides. 
Mead  has  made  refearches  on  the  poifon  of 
the  viper.  Fontana  has  purfued  the  fame 
fubjeft,  and  has  difcovered  that  the  lapis 
caufticus  immediately  introduced  into  the 
B  3  wound 
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wound  made  by  this  reptile,  decompofes  or 
alters  the  poifon,  and  prevents  its  deadly 
effects. 

If  it  be  poffible,  after  what  has  been  faid, 
to  fuppofe  that  chemiftry  is  not  equal  to  the 
performance  of  the  deiirable  effects  here 
pointed  out,  yet  no  one  can  deny  that  the 
fcience  of  medicine  is  indebted  to  it  for 
many  ufeful  remedies.  It  can  never  be  for- 
gotten that  flibiated  tartar,  with  all  the  mer- 
curial, antimonial,  and  martial  preparations 
which  are  poffeffed  of  fuch  power  and  effi- 
cacy, are  the  products  of  chemiftry  ;  and 
that  the  gratitude  and  encouragement  of  me- 
dical profeffors,  as  well  as  the  public  in  ge- 
neral, is  due  to  fuch  as  devote  themfelves 
to  its  improvement. 

To  conclude  our  obfervations  on  the  uti- 
lity of  chemiftry  to  medicine,  we  (hall  only 
add,  that  a  knowledge  of  the  former  is  ne- 
ceffary,  in  order  to  draw  up  a  prefcription 
for  any  compound  medicine  to  be  made  up 
by  the  apothecary.  It  happens  daily,  that 
perfons  unacquainted  with  chemiftry,  com- 
mit the  groffeft  errors  in  their  extempora- 
neous formulae,  by  mixing  together  fubftan- 
ces  that  either  become  changed  by  mutual 
decompofition,  or  elfe  refufe  to  unite  at  all. 
In  the  cafe  of  decompofition,  the  medicine 
cannot  produce  the  effect,  which  the  phyii- 
cian  from  his  acquaintance  with  the  com- 
ponent matter,  was  led  to  expect.  Such 
errors,  fo  prejudicial  to  the  health  of  tne 
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patient,  are  no  otherwife  to  be  avoided,  but 
by  a  knowledge  of  chemiftry,  which  is  the 
only  guide  in  the  preparation  of  remedies. 
Without  this  guide,  the  phyiician  is  not 
only  liable  to  the  occafional  faults  we  have 
pointed  out,  but  to  numberlefs  others, 
which  though  of  lefs  effential  confequence, 
mull  expofe  his  ignorance  to  the  apothecary; 
who,  in  the  practice  of  his  own  art,  cannot 
but  be  acquainted  with  a  confiderable  num- 
ber of  chemical  fa&s. 

The  ufefulnefs  of  chemiftry  in  the  arts, 
and  the  refemblance  between  its  prccelTes 
and  the  manipulations  of  artifts,  have  often 
caufed  it  to  be  confounded  either  with  al- 
chemy or  pharmacy,  by  perfons  ignorant 
enough  to  unite  obje&s  in  their  own  na- 
ture fo  remote'  from  each  other.  In  the 
opinion  of  fuch,  the  chemift  is  an  artift 
inceffantly  employed  in  the  vain  fearch  of  the 
philofopher's  ftone.  But  thole  who  have 
acquired  the  leaft  knowledge  of  true  chemif- 
try and  its  purpofes,  will  readily  perceive  the 
immenfe  diftance  between  the  ridiculous 
and  abfurd  pretenfions  of  the  alchemift, 
and  the  enlightened  chemift ;  and  more 
efpecially  the  difference  between  the  regular 
proceedings  of  the  latter,  compared  with 
the  inconiiftent  and  ufelefs  proceffes  of 
the  former.  The  error  of  the  many,  who 
regard  chemiftry  as  the  art  of  preparing 
drugs,  is  much  more  pardonable ;  becaufe 
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it  does  not  confound  chemifts  with  the  ig- 
norant, and,  at  beft,  the  ufelefs  operators  of 
what  is  called  the  Grand  Work,  who,  as  Mac- 
quer  ingenioufly  obferves,  are  the  workmen 
of  an  art  that  has  no  existence  ;  but  aflbciates 
them  with  arefpe&able  clafs  of  artifts,  whofe 
labours  are  necefiary  to  fociety.  But  phar- 
macy being  nothing  more  than  a  part  of 
chemiflry,  or  one  of  the  many  arts  that  are 
dependent  on,  or  benefited  by,  its  principles, 
the  perfon  who  regards  chemiflry  as  the 
art  of  preparing  remedies,  will  have  but  a 
very  limited  idea  of  this  experimental  fci- 
ence  :  a  fcience  of  fuch  fublimity  and  vaft 
extent,  that  it  not  only  contains  within  it- 
felf  the  much  greater  part  of  the  numerous 
arts  that  diftinguim  civilized  nations  from 
favages,  but  extends  its  refearches  univer- 
fally  to  the  mutual  adlions  of  the  component 
parts  of  bodies  on  each  other ;  to  the  great 
improvement  of  natural  philofophy,  which 
in  many  of  its  moft  important  parts  is  purely 
chemical. 


CHAP. 
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CHAP.      II. 

The  Hiftory  of  Chemiftry. 

HE  who  devotes  himfelf  to  the  ftudy  of 
any  fcience,  ought  not  to  be  ignorant 
of  the  outlines  of  its  hiftory.  For  fuch  a 
hiftory,  being  a  relation  of  fcientific  fads, 
fixes  the  dates  of  difcoveries,  points  out 
the  errors  of  our  predeceflbrs,  and  indicates 
the  path  that  leads  to  fuccefs.  But  as  it 
might  not  tend  to  promote  the  immediate 
purpofe  of  this  treatife,  if  we  were  to  dwell 
on  fubjedts  that  are  in  fome  meafure  foreign 
to  it,  we  {hall  exhibit  nothing  more  than 
the  outlines  of  this  hiftory  -,  without  enter- 
ing minutely  into  particulars,  which  may 
be  found  at  length  in  many  well  written 
books.  In  particular  the  treatife  of  Olaus 
Borrichius  de  ortu  et  progrefTu  chemis,  the 
article  Chimie  in  the  Didtionnaire  Encyclo- 
pedique,  the  difcourfe  at  the  head  of  Se- 
nac's  Chemiftry,  l'Hiftoire  de  la  Philofophie 
Hermitique  by  the  Abbe  Lenglet  du  Fref- 
noy,  the  firft  chapter  of  Boerhaave's  Che- 
miftry, the  preliminary  difcourfe  to  Mac- 
quer's  dictionary,  &c.  may  be  confulted  for 
this  purpofe. 

For  the  purpofe  of  exhibiting  in  a  concife 

and 
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and  methodical  manner,  the  progrefs  of  the 
human  mind  in  the  ftudy  of  chemiftry,  and 
the  feveral  advances  made  therein  from  time 
to  time,  we  fhall  divide  our  hiftory  into  fix 
principal  epochas. 

EPOCHA      THE      FIRST. 

The  origin  of  Chemiftry  among  the  Egyp- 
tians, and  its  progrefs  among  the  Greeks. 

The  origin  of  chemiftry  is  not  lefs  ob- 
fcure  than  that  of  the  other  fciences  and  arts 
in  general.  The  patriarch  Tubal  Cain,  who 
lived  before  the  deluge,  is  faid  to  be  the 
iirft  chemift ;  but  his  knowledge  is  not  af- 
firmed to  have  extended  beyond  the  working 
of  metals.  This  man  feems  to  have  been  the 
fame,  who  is  fpoken  of  in  fabulous  hiftory 
under  the  name  of  Vulcan. 

It  is  among  the  Egyptians  that  we  ought 
to  place  the  true  origin  of  this  fcience.  The 
iirft  of  this  nation,  of  whom  mention  is 
made  as  a  chemift,  is  according  to  Lenglet  du 
Frefnoy,  Thoth  or  Athotis,  furnamed  Her- 
mes or  Mercury,  fie  was  the  (on  of  Mez- 
raim,  or  Ofiris,  and  grandfon  of  Cham.  He 
became  king  of  Thebes. 

The  fecond  king  of  Egypt,  who  was  like- 
wife  a  philofopher,  was  named  Sephoas. 
He  lived  800  years  after  Athotis,  and  190Q 
before  Jefus  Chrift.   The  Greeks  have  given 

him. 
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him  the  furname  of  Hermes,  or  Hermes 
Trifmegiftus.  He  is  the  fecond  Mercury, 
and  is  efteemed  as  the  inventor  of  natural 
philofophy.  Several  hiftorians  have  trans- 
mitted to  us  the  titles  of  his  works  on  phi- 
lofophy, which  confifted  of  forty-two  books. 
It  does  not  appear  that  any  of  them  treated 
of  chemiftry,  though  the  fcience  has  been 
called  after  him,  the  Hermetic  Philofophy. 

Our  information  refpetting  the  cultiva- 
tion of  chemiftry  in  Egypt,  is  very  un- 
certain. It  feems,  however,  that  this  fci- 
ence made  great  progrefs  in  that  country, 
fince  the  Egyptians  were  in  poffeffion  of  a 
great  number  of  chemical  arts  3  and  in  par- 
ticular, that  of  imitating  precious  ftones  ; 
of  cafting  and  working  metals  ;  of  painting 
on  glafs,  &c.  ;  but  the  chemiftry,  as  well 
as  the  other  arts  and  fciences  of  this  ancient 
people,  are  loft.  Their  priefts  concealed  them 
from  the  vulgar  as  myfteries,  and  only  re- 
corded them  under  the  veil  of  hieroglyphics. 
The  alchemifts  have  perfuaded  themfelves 
that  fome  traces  of  their  pretended  art  is  to 
be  found  among  thefe  ;  and  that  the  temple, 
which  the  Egyptians  confecrated  to  Vulcan, 
was  in  honour  of  alchemy. 

The  Ifraelites  learned  chemiftry  from  the 
Egyptians.  Moles  is  placed  in  the  number  of 
chemifts,  becaufe  of  the  knowledge  by  which 
he  was  enabled  to  diffolve  the  idol  of  gold  that 
people  adored.  It  has  been  thought,  and  Stahl 

has 
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has  written  a  difiertation  to  prove  it,  that 
this  folution  of  gold  in  water  was  performed 
by  the  help  of  liver  of  fulphur;  a  procefs 
which  fuppofes  a  knowledge  of  chemiflry 
of  confiderable  extent. 

Democritus  of  Abdera,  who,  lived  about 
500  years  before  Chrifl,  travelled  into  E- 
gypt,  Chaldea,  Perfia,  &c.  ;  and  it  is  af- 
firmed, that  he  became  acquainted  with 
chemifls  in  the  firft  of  thefe  countries. 
Though  the  fon  of  a  man  fufficiently  rich 
to  receive  and  entertain  Xerxes  and  all  his 
attendants,  he  returned  very  poor  to  his  own 
country,  where  he  was  received  by  his  bro- 
ther Damaffus.  In  his  retirement  in  a  gar- 
den, near  the  walls  of  Abdera,  he  employed 
himfelf  in  refearches  into  the  nature  of  plants 
and  precious  flones.  Cicero  affirms,  that 
in  order  that  he  might  not  be  diflurbed  from 
his  fpeculations  by  external  objects,  he  def- 
troyed  his  fight,  by  keeping  his  eyes  for  a 
time  fixed  on  the  bright  reflection  of  the 
folar  rays,  from  a  veffel  of  polifhed  copper  -> 
a  fact  which,  however,  is  denied  by  Plu- 
tarch. Pliny  had  fo  great  a  degree  of  efteem 
and  veneration  for  the  knowledge  of  De- 
mocritus, that  he  even  thought  it  miracu- 
lous. 

There  are  fome  authors  who  reckon  Cleo- 
patra among  the  chemifts,  becaufe  fhe  knew 
how  to  difiolve  pearls.  They  affirm,  that 
the  art  of  chemiflry,  well  known  to  all  the 
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Egyptian  priefts,  was  conftantly  pra&ifed 
by  that  people,  till  the  time  of  Dioclefian, 
who  according  to  Suidas,  thought  fit  to 
caufe  their  books  to  be  burned,  that  he 
might  fubdue  them  with  more  facility. 

EPOCHA      THE      SECOND. 

The  Chemiftry  of  the  Arabians. 

After  a  long  feries  of  ages,  during  which 
it  is  not  poffible  to  follow  the  progrefs  of 
chemiftry  through  the  revolutions  of  em- 
pires, we  find  fome  traces  of  this  fcience 
among  the  Arabians,  who  cultivated  it  with 
fuccefs. 

During  the  dynafty  of  the  Achemides  or 
Abaffides,  the  fciences,  which  had  been  long 
abandoned,  were  reftored  to  their  vigour. 
Almanzor,  the  fecond  CalifF,  devoted  himfelf 
to  aftronomy.  Harum  Rafchid,  the  fifth 
CalifF,  and  cotemporary  with  Charlemagne, 
caufed  feveral  books  relating  to  chemiftry  to 
be  tranflated  from  the  Greek. 

In  the  ninth  century,  Geber  of  Thus,  in 
Chorazan,  a  province  of  Perfia,  wrote  three 
works  on  chemiftry,  in  which  we  find  things 
treated  in  a  very  confined  manner.  His  beft 
treatife  is  in  titled,  Summa  perfe&ionis  ma- 
gifterii.  He  has  written  with  confiderable 
perfpicuity  on  diftillation,  calcination,  and 
the  reduction  and  folution  of  metals. 

In 
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In  the  tenth  century,  Rhafes,  a  phyfician 
of  the  hofpital  at  Bagdat,  firft  applied  che- 
miftry  to  medicine.  Some  of  his  pharma- 
ceutic prefcriptions  are  frill  in  efteem. 

In  the  eleventh  century,  Avicen,  a  phy- 
fician, likewife  applied  chemiftry  to  medi- 
cine. His  merit  and  knowledge  raifed  him 
to  the  charge  of  Grand  Vizier;  but  the 
debauched  life  he  led  was  the  caufe  of  his 
being  degraded  from  that  office. 


EPOCHA      THE      THIRD. 

The  tranfition  of  Chemiftry  from  the  Eaft 
to  the  Weftern  parts  of  the  world  during 
the  Crufades.     The  reign  of  Alchemy. 

The  art  of  making  gold  was  in  requeft  for 
a  long  time,  according  to  the  authors  who 
have  written  concerning  it;  but  the  folly 
which  gave  birth  to  it  was  at  its  heighth 
during  the  interval  between  the  eleventh  and 
fixteenth  centuries.  The  chemical  fads 
difcovered  by  the  Egyptians,  collected  by 
the  Greeks,  and  applied  to  medicine  by  the 
Arabians,  came  to  the  knowledge  of  the 
four  nations  who  travelled  into  the  eaft  dur- 
ing the  crufades  ;  namely,  the  Germans, 
Englifh,  French  and  Italians ;  and  each  of 
thefe  nations  became  immediately  filled  with 
fearchers  after  the  philofopher's  ftone.  As 
the  immenfe  labours  to  which  they  devoted 
themfelves  have  contributed  greatly  to  the 

advancement 
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advancement  of  chemiftry,  it  is  neceflary  to 
be  acquainted  with  fuch  of  thefe  extraordi- 
nary men  as  have  molt  diftinguifhed  them- 
felves. 

During  the  thirteenth  century,  Albert  the 
Great,  a  Dominican  of  Cologn,  and  after- 
wards of  Ratifbon,  acquired  the  reputation 
of  being  a  magician,  and  has  left  a  work 
full  of  alchemical  procefTes. 

Roger  Bacon,  born  in  12 14,  near  Ilchef- 
ter,  in  the  county  of  Somerfet,  ftudied  at 
Oxford.  He  repaired  to  Paris  to  ftudy  the 
mathematics  and  medicine.  Many  inven- 
tions are  attributed  to  him  -,  any  one  alone 
of  which  would  have  been  fufficient  to  have 
rendered  his  name  immortal.  Among  thefe 
are  the  camera  obfcura,  the  telefcope,  gun- 
powder; he  is  affirmed  to  have  made  a  felf- 
moving  chariot,  a  fpeaking  head,  a  flying 
machine,  &c.  He  was  a  cordelier,  and 
was  furnamed  the  admirable  doctor.  An 
accufation  of  magic  being  preferred  againffc 
him,  caufed  his  brethren  to  imprifon  him. 
He  retired  to  a  houfe  near  Oxford*  where  it 
is  faid  he  worked  in  alchemy.  Borrichius 
faw  the  houfe,  which  was  ftill  known  by 
his  name.  * 

Arnold  of  Villeneuve,  born  in  Languedoc, 
in  1 245,  and  died  in  1 3 1  o,  ftudied  medicine  at 
Paris  during  30  years.    He  wrote  a  commen- 

*  This  houfe,  as  I  am  informed,  was  {landing  a  few 
years  fince.    T. 

tary 
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taryon  the  epiftle  of  the  Schola  Salernitana. 
The  alchemifts  efteem  him  as  one  of  their 
greateft  mafters.  Borrichius  in  the  year  1664, 
faw  one  of  his  defcendants,  an  alchemift,  in 
Languedoc. 

The  fourteenth  century.     Raymond  Lul- 
lius    was    born   at  Majorca  in   1235,  came 
to  Paris  in  1281,   where  he  became  the  dif- 
ciple  of  Arnold  de  Villeneuve.   Robert  Con- 
ftantin  affirms  to  have  himfelf  feen  one  of  the 
Rofe  Nobles  that  were  (truck  in  the  tower  of 
London,  out  of  the  gold  made  by  him,  dur- 
ing the  reign  of  Edward  the  fifth,    in  the 
years  1312  and  1313.    He  wrote  fome  books 
on  alchemy,  in  which  are  to  be  found  fome 
facts  concerning  the  preparation  of  acids,  or 
aqua  fortis,  and  on  the  properties  of  metals. 
The   fifteenth   century.     Bafilius  Valen- 
tinus,  a  Benedictine  of  Erfort  in  Germany, 
was  well  acquainted  with  medicine  and  na- 
tural hiftory.     He  compofed  a  book  on  anti- 
mony, to  which  he  gave  the  pompous  title 
of  "  Currus  Triumphalis  Antimonii,"  which 
was    commented    on    by   Kerkringius.     In 
this  book  we  find  a  great  number  of  anti- 
monial    preparations    that  have  fince   been 
offered   to    the  world   under  different   new 
names,  and  have  been  adminiflered  in  the 
cure  of  diforders  with  great  fuccefs. 

Ifaacus  Hollandus  the  father,  and  his  fon 
of  the  fame  name,  have  written  books  praifed 
by  Boerhaave,  from  which  it  appears,  that 

they 
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they  were  acquainted  with  the  properties  of 
aqua  fortis,  and  aqua  regia. 

All  thefe  authors  have  in  general  written 
in  the  moft  obfcure  and  confufed  manner 
on  the  chemical  art ;  and  though  they*  were 
acquainted  with  fome  procefles  of  difiblu- 
tion,  extraction,  purification,  &c.  their  pre- 
tenfions  were  greatly  beyond  their  know- 
ledge, and  fcarcely  any  advantage  can  be 
derived  from  their  labours. 


EPOCHA      THE      FOURTH. 

The  univerfal  Medicine ;  Pharmaceutic  Che- 
miftry ;  Alchemy  oppofed,  from  the  fix* 
teenth  to  the  middle  of  the  feventeenth 
century. 

The  bad  fuccefs  of  the  alchemifts,  and 
the  ruin  of  their  fortunes  and  reputation, 
were  fo  far  from  difcouraging  chemical  en- 
terprizes,  that  we  find  a  prodigious  number 
of  perfons  during  the  fixteenth  century,  en- 
couraged and  fupported  by  the  enthufiafm 
of  a  Swifs  phyfician,  named  Paracelfus,  who 
was  born  near  Zurich,  in  1493.  This  im- 
petuous man  pretended  that  there  exifted  an 
univerfal  remedy.  He  fubftituted  chemical 
medicaments  in  the  ftead  of  thofe  of  the  Ga- 
lenical pharmacy  then  in  ufe,  and  cured 
many  diforders  by  mercurial  preparations, 
which  were  then   deemed  fcarcely  curable, 

Vol.  I.  C  more 


* 
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>more  efpecially  thcfe  of  the  venereal  kind. 
His  miraculous  cures  feemed  prodigious;  but 
tranfported  by  fuccefs  far  beyond  the  bounds 
within  which  he  ought  to  have  confined 
himfelf,  he  publicly  burned  the  books  of 
the  Greek  phyficians.  He  died  in  the  midft 
of  his  triumphs  in  an  inn  at  Saltzburgh, 
at  the  age  of  48  years,  after  having  promifed 
himfelf  immortality  by  the  ufe  of  his  fe- 
crets. 

This  folly,  highly  extravagant  as  it  was, 
revived  the  ardour  of  the  alchemifts.  Some 
among  them,  who  vainly  imagined  they  had 
lucceeded  in  the  difcovery  of  the  univerfal 
medicine,  dignified  themfelves  by  a/Turning 
the  new  title  of  adepts.  Such  were,  at  the 
commencement  of  the  feventeenth  century, 

1.  The  Roiicrucians,  a  kind  of  fociety 
formed  in  Germany,  of  which  nothing  more 
was  ever  known  in  France  but  the  title,  and 
whofe  numbers  continued  unknown.  Thefe 
pretended  brothers  affirmed,  that  they  were 
in  poffeffion  of  the  fecrets  of  tranfmutation, 
of  the  univerfal  fcience,  and  medicine ;  with 
the  fcience  of  occult  things,  &c. 

2.  A  Cofmopolite,  named  Alexander  Se- 
thon,  or  Sidon,  who  performed  the  work 
of  tranfmutation  before  a  perfon  of  the  name 
of  HaufTen.  This  laft  related  the  fact  to 
Vander  Linden,  the  grandfather  of  the  phy- 
fician  of  that  name,  who  colle&ed  a  medical 
library. 

3,  Another 
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3.  Another  named  Thomas  de  Vagan, 
born  in  England  in  16 12.  He  travelled  in- 
to America,  where  Starkey  received  gold 
from  him.  He  correfponded  with  Boyle. 
This  is  the  fame  adept,  who  in  France  gave 
his  powder  of  projection  to  Hevelius.  The 
latter,  after  this  pretended  miracle,  which 
was  nothing  more  than  an  artful  trick,  wrote 
a  dilTertation   "  De  vitulo  aureo,   &c." 

The  fuccefs  that  attended  the  adminiftra- 
tion  of  chemical  medicines  by  Paracelfus,  was 
prod  uctive  ho  wever  of  fome  permanently  good 
effects  ;  for  it  induced  feveral  men  of  abili- 
ties to  enter  into  the  inquiry,  and  to  write 
ufeful  works  on  the  preparation  of  chemical 
medicines.  Such  are  the  writings  of  Crol- 
lius,  Schroder,  Zwelfer,  Glafer,  Tachenius, 
Lemery,  &c.  and  the  Pharmacopeias,  pub- 
limed  by  feveral  faculties  of  medicine. 

Glauber,  a  German  chemift,  about  this 
time  rendered  an  effential  fervice  to  chemif- 
try,  in  examining  the  relidues  of  operations, 
which  former  operators  had  always  thrown 
afide  as  ufelefs,and  distinguished  by  the  names 
of  caput  mortuum,  or  terra  damnata.  By  this 
means  he  difcovered  the  fait  named  after 
him,  and  the  vitriolic  ammoniac;  and  threw 
great  light  on  the  chemical  procefies  for  pre- 
paring mineral  acids,  &c. 

Some  of  the  promoters  of  chemical  fcience 

fubfequent  to  Paracelfus,  were  not  entirely 

cleared  of  the  ideas  his  ungoverned  imagina- 

C  2  tion 


36  HISTORY    OF     CHEMISTRY. 

tion  gave  birth  to.  Such  were  Caffius, 
known  by  his  precipitate  of  gold;  Sir  Ke- 
nelm  Digby,  who  believed  in  the  fympa- 
thetic  adtion  of  medicaments.  Libavius, 
whofe  name  is  affixed  to  a  preparation  of 
tin.  Van  Helmont,  famous  for  his  opinions 
in  medicine,  and  the  chemical  notions  he 
has  propagated.  And,  laftly,  Borrichius,  a 
Danifh  phyfician  and  chemift,  who  firft  dif- 
covered  and  published  the  method  of  inflam- 
ing oils  by  the  nitrous  acid,  and  is  entitled 
to  the  refpect  and  gratitude  of  the  world  for 
having  bequeathed  his  library  and  chemical 
laboratory  to  the  ufe  of  indigent  ftudents  of 
medicine. 

Alchemy,  at  that  time,  was  in  great  danger 
from  two  celebrated  men,  who  fuccefsfully 
combated  its  tenets.  The  one  was  the  fa- 
mous Kircher,  a  Jefuit,  to  whom  we  are 
indebted  for  a  grand  and  fublime  work  in- 
titled,  Mundus  Subterraneus  -,  the  other  was 
the  learned  phyfician  Conringius. 

EPOCHA      THE      FIFTH. 

The  origin  and  progrefs  of  Philofophical 
Chemiftry,  from  the  middle  of  the  feven- 
teenth  to  the  middle  of  the  eighteenth 
century. 

Chemiftry  had  not  hitherto  been  treated 
philofophically.  The  chemical  arts  had  been 

defcribed, 
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deicribed,  medical  formula?  had  been  given, 
and  the  nature  of  metals  had  been  laborioufly 
inquired  into  with  a  view  to  the  making  of 
gold,  or  of  the  univerfal  medicine ;  (delufive 
views  which  flill  miflead  the  ignorant  and 
enthufiaftic)  but  nothing  more  had  been 
done.  The  fafts  afcertained  were  many,  but 
no  one  had  yet  collected  them,  and,  as  the 
celebrated  Macquer  happily  obferves,  there 
were  many  branches  of  chemiftry  in  being, 
though  the  fcience  itfelf  was  not  yet  in  ex- 
igence. 

Towards  the  middle  of  the  feventeenth 
century,  James  Barnet,  phyiician  to  the  king 
of  Poland,  arranged  the  principal  known 
fadls  in  a  methodical  manner,  and  added 
obfervations  in  his  philofophical  chemiftry. 
The  book  of  this  learned  man  is  the  more 
valuable  on  account  of  his  being  the  firft 
perfon  who  attempted  to  form  a  complete 
body  of  chemiftry,  and  ranked  it  among  the 
fciences. 

Bohnius,  ProfefTor  at  Leipfic,  likewife 
compofed  a  book  of  fcientific  chemiftry, 
which  had  great  fuccefs,  and  was  for  a  long 
time  the  only  elementary  book  on  this  fub- 
jedh 

Joachim  Beccher  of  Spires,  a  man  of 
the  moft  extenfive  genius,  phyfician  to 
the  eledtor  of  Bavaria,  went  far  beyond 
the  two  authors  laft  fpoken  of,  and  caufed 
even  their  names  to  be  forgotten.  In  his 
C  3  fublime 
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fublime  work,  entitled  "  Phyfica  Subter- 
ranea,"  he  united  all  the  known  facts  of 
chemiftry,  and  defcribed  them  with  afto- 
nifhing  fagacity.  He  has  even  pointed 
out  by  conjecture,  a  great  part  of  the  difco- 
veries  made  to  this  day ;  fuch  as  the  aeri- 
form fubftances  ;  the  poffibility  of  reducing 
animal  bones  into  a  tranfparent  glafs,  &c. 
This  work  was  commented  on  by  a  cele- 
brated phyfician,  whofe  name  fixes  a  moil: 
brilliant  epocha  of  chemiftry.  J.  Erneft 
Stahl,  born  with  a  ftrong  paflion  for  che- 
miftry, undertook  to  comment  and  improve 
the  doctrine  of  Beccher.  His  attention  was 
more  particularly  directed  to  afcertain  the 
exiftence  of  the  inflammable  earth,  which 
he  called  phlogifton.  Equal  to  Beccher  in 
genius,  but  fuperior  in  accuracy  of  opera- 
tion and  order  of  refearch,  he  compofed  a 
treatife  on  fulphur,  a  work  on  falts,  and  an- 
other, entitled  Trecenta  Experimenta,  which 
have  gained  him  immortal  glory,  and  placed 
his  name  among  the  firft  of  his  age. 

Boerhaave,  in  the  midft  of  numberlefs 
occupations,  cultivated  chemiftry,  and  com- 
pofed a  celebrated  and  truly  profound  work 
on  this  fcience.  His  treatifes  on  the  four 
elements,  and  efpecially  that  on  fire,  are 
mafter-pieces  to  which  it  is  fcarcely  pof- 
fible  to  make  any  addition.  He  was  like^ 
Wife  the  firft  who  attempted  the  analyfis  of 

vegetables. 
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vegetables,  and  difcovered  the  fpiritus  rec- 
tor, &c. 

The  theory  of  Stahl  has  been  followed  by 
the  whole  chemical  world,  and  received  a 
new  acceffion  of  ftrength  from  the  two  cele- 
brated brothers  M.  M.  Rouelle,  whofe  too 
early  lofs  is  feverely  felt  by  the  fcience, 
and  to  whom  chemiftry  owes  its  origin  in 
France. 

The  illuftrious  Macquer,  who  will  be 
long  lamented  by  every  lover  of  fcience,  has 
contributed  in  a  moft  eminent  degree  to  the 
advancement  of  this  fcience  by  his  moft  ex- 
cellent works,  which  are  with  the  greateft 
juftice  efteemed  in  every  part  of  Europe,  as 
the  fureft  guides  to  chemiftry.  Befides  the 
great  obligations  the  world  is  under  to  him  for 
his  Elements  and  Chemical  Dictionary,  his 
own  particular  labours  and  difcoveries  on 
arfenic,  Pruffian  blue,  dying  filk,  on  clays 
for  pottery,  &c.  arefufricient  to  immortalize 
his  name,  and  entitle  him  to  the  gratitude 
of  pofterity. 


EPOCHA      THE      SIXTH. 

Pneumatic  Chemiftry  ;  the  prefent  time. 

Stahl,  intireiy  bulled  in  demonftrating  the 

exiftence   of  phlogifton,    and    following    it 

through  all  its  combinations,  feems  to  have 

overlooked  the  influence  of  the  air  in  the 

C  4  greateft 
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greateft  part  of  the  phenomena  in  which  he 
attributes  fo  great  an  energy  to  the  inflam- 
mable principle.  Boyle  and  Hales  had  ne- 
verthelefs  already  proved  the  great  neceffity 
of  attending  to  this  fluid,  in  the  operations 
of  chemiftry.  The  former  had  obferved  the 
difference  between  the  chemical  events  that 
happened  in  like  circumftances  in  the  air 
and  in  vacuo.  The  latter  had  obtained  from 
a  great  number  of  bodies  a  fluid  which  he 
fuppofed  to  be  air,  but  in  which  however 
he  had  obferved  feveral  peculiar  properties, 
fuch  as  odour,  inflammability,  &c.  accord- 
ing to  the  various  fubflances  they  proceeded 
from.  He  thought  the  air  was  the  cementing 
principle,  or  caufe  of  folidity  in  bodies. 

Dr.  Prieftly,  in  repeating  a  great  part  of 
the  experiments  of  Hales,  has  difcovered 
many  fluids,  which,  though  they  refemble  air, 
differ  from  it  in  all  their  effential  properties. 
And  in  particular,  he  obtained  from  metallic 
calces  a  kind  of  air,  much  purer  than  that  of 
the  atmofphere. 

M.  Bayen,  a  chemift  fo  juflly  celebrated 
for  the  exadinefs  of  his  operations  and  expe- 
riments, examined  the  calces  of  mercury, 
and  difcovered  that  they  were  reducible 
without  phlogifton,  and  that  during  reduc- 
tion they  emitted  an  aeriform  fluid  in  great 
abundance. 

M.  Lavoifler  proved  very  early,  by  a  great 
number  of  valuable  experiments,  that  a  por- 
tion 
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tion  of  the  air  becomes  combined  with  fuch 
bodies  as  are  calcined  or  burned.  In  con- 
fequence  of  this,  he  eftablifhed  a  fed:  or  clafs 
of  chemifts,  who  began  to  doubt  the  prefence 
of  phlogifton,  and  attributed  to  the  fixation 
of  air,  or  its  difengagement,  all  the  pheno- 
mena that  Stahl  fuppofed  to  depend  on  the 
feparation  or  combination  of  phlogifton.  It 
muft  be  granted,  that  this  dodxine  has  the 
advantage  over  that  of  Stahl  in  its  proofs, 
being  more  ftrid,  and  is  fo  much  the  more 
feducing,  as  it  agrees  better  with  the  accu- 
rate and  rigorous  manner  of  proceeding, 
which  is  at  prefent  adopted  in  the  ftudy 
and  cultivation  of  natural  philofophy.  This 
feemed  to  be  the  cafe  in  the  opinion  of  the 
late  M.  Buquet,  who  in  his  two  or  three 
laft  courfes  appeared  to  give  it  the  preference. 
The  wifeft,  and  doubtlefs  the  only  proper 
condudl  to  be  purfued  on  this  occafion,  is 
to  wait  till  a  great  number  of  fads  (hall  have 
completely  demonftrated,  that  all  the  pheno- 
mena of  chemiftry  are  explicable  according 
to  the  pneumatic  theory,  without  admitting 
phlogifton.  M.  Macquer,  though  well  aware 
of  the  great  revolution  thefe  new  difcoveries 
could  not  but  occafion  in  chemiftry,  did 
not  admit  the  opinion,  that  every  fad:  is  ex- 
plicable without  fuppofing  the  exiftence  of 
an  inflammable  principle ;  and  inftead  of 
phlogifton,  whofe  exiftence  has  never  been 
fairly  proved,  he  has  fubftituted  light,  the 

adion 
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action  and  influence  of  which  in  chemical 
appearances  cannot  be  called  in  queftion. 

Strongly  imprefTed  with  a  conviction  of 
the  propriety  and  neceffity  of  purfuing  this 
mode  of  conduct,  we  (hall  be  careful  to  ex- 
plain both  thefe  doctrines  :  and  confining 
ourfelves  to  our  province  of  the  hiftorian, 
we  fhall  take  no  other  liberty  than  that  of 
remarking  which  theory  feems  to  us  to  have 
the  greateft  probability  of  being  true,  in  the 
facts  to  which  we  mult  neceilarily  apply 
them. 


CHAP.       III. 

Concerning  the  Chemical  Affinities. 

TN  the  foregoing  chapter  we  have  obferved, 
■*■  that  the  means  ufed  in  the  performance 
of  chemical  operations,  which  are  in  gene- 
ral referable  either  to  analyfis  or  fynthefis, 
are  founded  in  nature ;  and  that  chemifts 
are  no  more  than  imitators.  This  truth 
will  be  more  ftrongly  eftablifhed  by  the  ex- 
planation of  the  chemical  affinities  which 
we  are  about  to  give. 

The  leaft  progrefs  in  the  ftudy  of  natural 
philofophy  is  fufficient  to  imprefs  the  mind 
of  the  obferver  with  a  knowledge  of  that 

wonderful 
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wonderful  force  eftablifhed  between  bodies, 
by  which  they  mutually  attradt  each  other. 
All  the  phenomena  in  nature  are  dependent 
on  this  law,  which  the  philofopher  contem- 
plates with  admiration,  and  the  mod  unin- 
formed inquirer  cannot  conlider  without 
fome  degree  of  perplexity  and  aftonimment. 

The  fmalleft  bodies,  as  well  as  the  im- 
menfe  maffes  that  are  compofed  by  their 
union,  are  alike  fubjeft  to  this  force,  fo  ne- 
ceffary  for  the  prefervation  of  the  harmony 
of  the  univerfe  :  but  its  laws  appear  either 
to  be  eflentially  different,  or  differently  mo- 
dified, according  to  the  mafs,  bulk,  or  re- 
finance of  the  bodies  acted  on  by  its  power. 
Without  inquiring  into  its  effects  on  the 
planetary  *  bodies,  whole  diftances  and  mo- 
tions it  governs,  let  us  obferve  what  hap- 
pens on  the  globe  we  inhabit,  and  endea- 
vour to  difcover  its  laws  of  action. 

Natural  philofophy  teaches  us,  that  two 
folid  bodies  of  the  fame  kind,  when  in  con- 
tact, adhere  together  with  fo  much  the  more 
force  as  the  furfaces  at  which  they  touch  are 

*  The  celebrated  Bergman  (de  Attra&ionibus  ele&ivis) 
and  others,  as  well  as  our  author,  from  a  wifh  to  genera- 
lize, and  in  confequence  of  a  too  fuperflcial  view  of  the 
univerfal  laws  of  attraction,  have  erroneoufly  fuppofed  that 
gravity,  or  the  planetary  attraction,  might  be  ib  varied, 
when  bodies  beca-ne  nearly  contiguous,  as 'to  be  modified 
or  converted  into  the  chemical  aainity,  or  elective  attrac- 
tion cbierved  between  the  minute  parts  of  bodies.  Sec 
Kewtoni,  Prin.  I.  §  $3.  T. 

more 


44  CHEMICAL     AFFINITY. 

more  polifhed  and  extended.  Thus  two 
planes  of  glafs,  or  two  lections  of  a  metallic 
fphere  flipped  upon  each  other  with  preffure, 
become  united,  and  often  require  a  very  con- 
iider^ble  effort  to  ieparate  them.  This  ef- 
fect is  flill  more  ftriking  between  two  drops 
of  a  like  fluid,  fuch  as  water,  oil,  or  mer- 
Placed  at  a  certain  diflance  from  each 
other,  upon  an  uniform  furface,  we  fee  them 
mutually  attract,  move  towards*  each  other, 
and  unite  into  one  fingle  globule.  This 
force  gives  birth  to  all  the  phenomena  ob- 
ferved  in  chemiftry;  and  it  is  therefore  of 
the  higheft  importance  to  ftudy  with  care, 
all  the  laws  and  circumftances  that  accom- 
pany it. 

The  greater  number  of  chemifts  have  de- 
nominated this  force  affinity,  or  relation, 
becaufe  it  has  been  thought  that  it  depended 
on  an  analogy  or  conformity  of  principles 
in  the  bodies  between  which  it  exifts.  Berg- 
man has  called  it  attraction,  though  its  ef- 
fects are  very  different  from  the  planetary 
attraction  obferved  by  Newton ;  of  which, 

*  I  am  perfuaded  the  ingenious  author  has  drawn  this 
conclufion  without  making  the  experiment.  Drops  of  wa- 
09  other  fluids,  are  fb  far  from  moving  towards  each 
-  at  any  fenfible  diftance,  that  according  to  the  law 
wed  by  all  bodies  not  nearly  in  contact,  they  repel  each 
r.  Hence' during  rain,  the  drops  may  be  feen  rolling 
g  the  furface  of  water  in  all  directions,  and  the  effect 
is  flili  more  ccniiderable  in  fpint  of  wine.     T. 

however, 
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however,  it  appears  to  be  only  a  modifica- 
tion!, as  we  (hall  hereafter  fee.  This  affi- 
nity may  take  place  between  bodies  of  the 
lame,  or  of  different  natures.  Let  us  ob- 
ferve  it  under  thele  reipecHve  points  of  view. 

§  I.  Ccr.rerr.ir.c  the  irEr.iry  :h.i:  :.vkes 
plice  ber.vee.-:  b:i:ef  cf  :he  :i:::e  ^:~^?  ;: 
the  arnrhrv  cf  a^repticn. 

When  two  bodies  of  the  fame  nature,  as 
for  example,  two  globules  of  mercury  placed 
at  a  certain  diftance  from  each  other,  tend 
by  virtue  of  this  force  to  unite,  and  the 
union  is  fullered  to  take  place,  a  fphere  of 
greater  magnitude,  but  of  entirely  the  lame 
nature,  is  formed.  This  force,  therefore, 
produces  r.:  :h.:r.c:.  ::  :err  in  :he  phjfieaJ, 
or  obvioufly  apparent  qualities  of  bodies, 
joins  together  parts  of  the  fame  kind,  which 
before  were  feparate ;  augments  the  bulk  or 
magnitude  by  confounding  the  manes,  and 
forms  cne  :::::?le  b:iy  ;.:;  ;:"  :"-ve:al.  I:  :s 
named  the  affinity  of  aggregation,  to  diftin- 
guifh  it  from  that  between  bodies  of  different 
natures.  It  produces  an  aggregate,  in  which, 
though  the  phyfical  properties  are  changed, 
the  chemical  qualities  are  not  lenfibly  altered . 
^nc  aggregatc  *s  nothing  more  than  a  i 
ent  body,  whole  molecules  are  united 

|  See  the  note  on  pa$c  43. 

the 
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the  force  of  aggregation.  It  muft  be  dif- 
tinguiffied  from  the  mafs  called  a  heap, 
which,  though  confrfting  of  parts  of  the  fame 
nature,  has  not  coherence  throughout ;  as 
well  as  from  a  mixture  which  is  taken  to 
denote  an  incoherent  mafs  of  diffimilar  par- 
ticles. An  example  will  illuftrate  this. 
Flowers  of  fulphur,  or  fulphur  in  powder, 
whofe  parts  have  no  adhefion,  but  may  be 
feparated  by  the  fmalleft  efforts,  conftitute  a 
heap,  on  the  parts  of  which,  relatively  con- 
fidered,  the  affinity  of  aggregation  does  not 
aft.  If  this  be  mixed  with  another  heap,  as 
of  nitre  in  powder,  a  mixture  by  confulion 
will  be  had.  But  if  by  the  help  of  fufion, 
the  power  of  aggregation  be  caufed  to  aft, 
then  the  molecules,  or  integrant  parts, 
brought  towards  each  other  during  their  li- 
quefaction, unite  and  adhere  together  in  fuch 
a  manner,  as,  that  when  cooled,  they  form  a 
Jingle  mafs  or  folid,  which  is  a  true  aggre- 
gate. 

The  force  or  affinity  of  aggregation  has 
different  degrees,  meafurable  by  the  effort  or 
power  neceffary  to  be  employed  in  feparating 
the  integrant  parts.  We  may  diftinguiih 
four  kinds  of  aggregates,  under  which  all 
bodies  in  nature  may  be  comprifed. 

I.  The  hard  or  folid  aggregate,  in  which 
the  force  that  unites  the  integrant  parts  is 
very  confiderable,  and  which  cannot  be  de- 
ftroyed,  but  by  fome  very  violent  re-aftion. 

There 
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There  are  many  degrees  of  aggregation  under 
this  clafs,  from  the  hardnefs  of  the  precious 
ilones  or  rock  chryftal,  to  the  foftnefs  of  the 
moft  yielding  wood.  Its  character  is  to  form 
a  mafs,  whofe  different  parts  cannot  be  fen- 
fibly  moved  amongft  each  other,  without 
breaking  or  feparation. 

2.  The  foft  aggregate  is  that,  whofe  parts, 
tho'  coherent,  may  neverthelefs  be  Hided  upon 
each  other  by  a  fmall  force,  fo  as  to  change 
their  refpective  iituation.  The  force  that 
unites  the  parts  of  a  foft  body,  is  lefs  than 
in  fuch  as  are  hard  3  and  lefs  re-action  is 
neceffary  to  deftroy  it. 

3.  The  fluid  aggregate.  Its  integrant 
parts  are  fo  flightly  united  together,  that  the 
fmalleft  effort  is  not  only  fufficient  to  caufe 
them  to  Aide,  or  change  iituation  amongft, 
but  alfo  to  feparate  them  from,  each  other. 

4.  Laftly,  the  aeriform  aggregate,  whofe 
integrant  parts  are  too  fmall  to  be  perceived, 
and  in  which  the  affinity  of  aggregation  is 
the  leaft  poffible.  The  air  of  the  atmofphere 
furnifhes  an  example.* 

Thefe  four  kinds  of  aggregate  are  no  more, 
properly  fpeaking,  than  degrees  of  the  fame 
force,  which  it  is  neverthelefs  of  great  confe- 

*  The  aeriform  aggregate  is  here  erroneoufly  defined  or 
defcribed.  It  is  that  whofe  denfity  is  not  fufficiently  great, 
to  afford  obvious  indications  of  its  prefence,  and  in  which 
the  affinity  of  aggregation  is  negative,  caufing  the  integrant 
parts  to  repel  each  other.  T. 

quencc 
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quence  to  diftinguifli  with  care,  becaufe 
their  ftate  and  diverfity  have  a  fingular 
influence  on  chemical  phenomena.  This  is 
proved  in  a  very  fatisfa&ory  manner,  from 
the  confideration  that  many  bodies  are  capa- 
ble of  being  fucceffively  put  into  each  of 
thefe  four  ftates.  Water  in  the  form  of  ice 
is  a  folid  aggregate.  Its  hardnefs  is  the 
greater  in  proportion  as  its  temperature  is 
lower  ;  when  expofed  to  the  temperature  of 
3 2°  Fahrenheit,  it  affumes  a  kind  of  foftnefs  -f- 
before  it  pafles  to  a  ftate  of  fluidity.  This 
laft  mentioned  ftate  is  well  known  in  all  cli- 
mates ;  and  philofophers  have  computed  its 
force  of  expanfion  when  in  the  ftate  of  va- 
por, or  in  the  aeriform  aggregation. 

In  proportion  as  we  advance  in  the  know- 
ledge of  the  laws  of  affinity,  we  fhall  per- 
ceive ftill  more  the  neceffity  of  diftinguifli- 
ing  and  attending  to  thefe  four  kinds  of  ag- 
gregation. This  is  more  particularly  necef- 
iary  in  comparing  the  force  of  aggregation 
with  the  fecond  kind  of  affinity  next  to  be 
examined. 

As  thefe  two  forces,  which  feem  to  de- 
pend on  the  fame  caufe  or  principle,  are  ne- 
verthelefs  always  oppofed  to  each  other  in 
chemical  phenomena,  fo  that  it  may  even  be 
inferred  from  the  fatts  we  (hall  exhibit,  that 

0 

t  Querc?  T. 

they 
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they  are  in  the  inverfe  ratio  of  each  other,  $ 
it  is  neceflary  when  the  chemift  wifhes  to 
caufe  the  one  to  aft,  that  he  mould  diminish 
the  other,  or  reduce  it  to  nothing.  Now  the 
attractive  force  we  are  fpeaking  of,  is  almoft 
always  that  which  hp  has  occafion  to  dimi- 
nifh,  and  it  is  likewife  modifiable  at  pleafure, 
by  means  in  the  power  of  the  artift. 

To  deftroy  ortdiminifh  the  affinity  of  ag- 
gregation, nothing  more  is  required,  than  to 
oppofe  to  the  cohefion  of  the  parts  of  the  ag- 
gregate, an  external  force  more  than  equal 
to  that  which  retains  them  together,  which 
confequently  mull  be  greater  or  lefs,  in  pro- 
portion to  that  adhefion.  This  is  the  lead- 
ing principle  in  the  preparatory  operations, 
whofe  fole  purpofe*  is  to  deftroy  the  affinity 

of 

%  This  opposition  of  the  affinities  of  aggregation  and 
combination,  muft  reft  intirely  on  the  reafoning  of  the  au- 
thor in  the  following  pages.  To  me  it  feems  neither  fair- 
ly deduced  nor  probable  in  itfelf.  .  A  variety  of  important 
circumftances,  fome  of  which  are  unknown,  are  included  in 
this,  and  almoft  every  other  queftion,  concerning  the  affini- 
ties. They  cannot  here  be  entered  into  j  but  the  prefent 
may  perhaps  be  decided,  by  anfwering  the  following.  Are 
there  not  many  operations  in  which  an  increafe  of  tempera- 
ture at  the  fame  time  weakens  both  the  powers  of  aggre- 
gation and  combination,  and  the  contrary  ?  If  this  were  not 
the  cafe,  could  any  feparation  be  made  by  mere  heat,  with- 
out an  intermedium  ?  And  if  heat  be  matter,  and  be  the  in- 
termedium in  fuch  cafes,  the  affinity  of  aggregation,  as  it 
is  called,  is  out  of  the  queftion.    T. 

*  The  purpofe  is  to  increafe  the  furfaces,  that  the  mutual 

action  of  bodies  on  each  other  being  carried  on  at  the  fame 

time  among  a  great  number  of  parts,  may  be  fooner  finifh- 

ed,  and  the  intended  procefs  completed.     The  affinity  of 

Vol.  I.  D  aggre- 
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of  aggregation :  pulverization,  grinding,  filing, 
rafping,  cutting,  are  operations  that  oppofe 
the  coherence  of  folids,  and  ferve  to  feparatc 
their  parts.  Filtration  and  evaporation  pro- 
duce nearly  the  fame  effect  on  fluids.  The 
foftening  and  fufion  of,  bodies  by  heat,  an- 
fwer  the  fame  intention.  Thefe  operations, 
whofe  detail  belongs  to  the  practical  part  of 
chemiftry,  are  only  mentiotied  here  to  mew 
the  connection  they  have  with  the  theory. 

As  art  is  pofTefTed  of  numberlefs  means  of 
oppofingthe  force  of  aggregation,  fo  likewife 
it  affords  others  for  reftoring,  and  caufing  it 
to  act  again  with  all  its  energy.  All  its 
manipulations  for  this  purpofe  confifl  in 
placing  the  bodies,  whofe  aggregation  it  is 
propofed  to  reftore,  in  a  ftate  of  divifion 
and  fluidity,  fo  that  the  particles  of  thefe 
bodies  may  be  at  liberty  to  obey  the  power 
of  attraction,  by  applying  to  each  other 
thofe  of  their  furfaces  which  are  bed:  adapt- 
ed to  unite  -,  and  the  regular  figure  and  cohe- 
fion  often  equal,  and  fometimes  even  furpafs, 
thofe  of  natural  bodies  of  the  fame  kind.  On 
this  occafion  we  muff  remark,  that  all  aggre- 

aggregation  impedes  combination  in  no  other  way  than  by 
covering  the  internal  parts.  A  lump  of  fugar  is  flower  in 
diflblving,  if  put  into  water,  than  the  fame  quantity  in  pow- 
der, becaufe  in  the  former  cafe  the  external  parts  muit  be 
diflblved  and  removed,  before  the  internal  parts  can  be 
a&ed  on.   T. 

gate 
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gate  bodies  may  be  divided  into  two  clafles, 
namely,  regular  or  irregular.  Nature  has 
given  to  every  body  the  property  of  prefent- 
ing  itfelf  under  one  or  other  of  thefe  two 
ftates ;  art,  ever  emulous,  and  often  the  rival 
of  nature,  can  at  pleafure  produce  either. 
All  bodies  capable  of  paffing  through  the 
different  ftates  of  aggregation  before  enu- 
merated, and  more  efpecially  falts  and  metals, 
may,  according  to  the  management  of  the 
artift,  in  their  paflage  from  fluidity  to  foli- 
dity,  appear  in  the  mape  of  an  irregular  mafs, 
or  in  that  of  a  body  with  regular  facets, 
which  is  called  a  cryftal.  Nothing  more  is 
neceffary  to  produce  the  former  ftate,  than 
to  keep  the  particles  whilft  fluid,  whe- 
ther by  heat  or  by  water,  very  near  each 
other,  and  to  caufe  the  liquefaction  fuddenly 
to  ceafe,  fo  that  coming  into  contact  all  at 
once,  they  may  unite  into  an  irregular  mafs. 
But,  on  the  contrary,  cryftallization  requires 
that  the  parts  of  the  bodies,  in  which  it 
is  to  be  produced,  fhould  be  kept  fuf- 
ficiently  diftant  from  each  other,  that  they 
may  be  as  it  were  in  equilibrium  fome  time 
before  they  unite,  and  may  mutually  prefent 
to  each  other  the  furfaces  that  bcft  agree 
with  each  other.  After  thefe  details,  it  is 
clear  that  cryftallization  is  entirely  the  con- 
fequence  of  the  affinity  of  aggregation.  It  is 
in  this  point  of  view  that  we  have  here  confi- 
D  2  dered 
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dered  it ;  and  (hall  referve  our  future  obfer- 
vations  on  the  fubjedt,  to  the  other  parts  of 
this  work. 

§  3.  Concerning  the  Affinity  between 
two  Bodies  of  different  Natures,  or  the  Affi- 
nity of  Compofition. 

When  two  bodies  of  different  kinds  have 
a  tendency  to  unite,  they  then  combine  by 
virtue  of  a  force  different  from  that  we  have 
hitherto  fpoken  of,  and  which  is  named  the 
affinity  of  compofition  or  combination.  This 
kind  of  affinity,  more  neceffary  to  be  un- 
derftood  than  the  former,  takes  place  in  all 
the  operations  of  chemiftry,  none  of  which 
can  be  explained  without  it.  This  prin- 
ciple was  known  in  the  earlieft  times,  but 
it  was  not  attended  to  with  fufficient  care, 
till  experience  had  fhewn  that  its  influence 
on  the  practice  is  equal  to  that  on  the 
theory  of  the  fcience  we  are  treating  of. 
It  is  this  doftrine  that  muft  guide  the 
practitioner  in  the  refearches  neceffary  for 
the  advancement  of  chemiftry,  and  muft 
be  confulted  by  the  philofopher  who  col- 
lefts  and  compares  the  fads.  It  is  the  com- 
pafs  by  which  both  muft  fteer  j  and_it  may 
be  truly  affirmed,  that  he  who  is  intimately 
acquainted  with  the  affinities,  knows  every 
thing  that  the  moft  fublime  chemiftry  has 
to  offer. 

Well 
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Well  convinced  of  this  truth,  we  mall  en- 
deavour firft  to  coiled:  with  fidelity  all  the 
facts  that  relate  to  them,  and  afterwards  to 
explain  the  hypothefes  that  have  been  invent- 
ed, refpedting  their  caufe. 

Obfervation,  the  parent  of  chemiftry,  as 
well  as  of  every  experimental  fcience,  has 
fhewn,  that  the  affinity  of  compofition  pre- 
fents  conftant  and  invariable  phenomena, 
which  may  be  regarded  as  eftablifhed  laws, 
obvious  to  all  but  thofe  who  are  unacquaint- 
ed with  the  method  of  ftudying  nature. 
Thefe  laws,  founded  on  a  great  number  of 
well  eftablifhed  fads,  may  be  reduced  to  the 
eight  following.    • 

Firft  Law  of  the  Affinity  of  Compofition. 

The  affinity  of  compofition  does  not  take 
place  but  between  bodies  of  different  natures. 

This  firft  law  is  invariable,  and  fubjed  to 
no  kind  of  exception.  In  order  that  two 
bodies  may  combine,  and  form  a  compound, 
it  is  a  neceflary  condition  that  they  mould 
be  of  different  kinds.  In  faft,  if  two  bodies 
of  the  fame  nature  be  united,  the  refult  will 
be  nothing  but  an  aggregate,  whofe  mafs 
and  magnitude  only  will  be  augmented  with- 
out the  lofs  of  any  of  its  effential  properties, 
and  the  union  will  be  preferved  by  the  af- 
finity of  aggregation,  as  has  been  already 
(hewn.  Thus  two  pieces  of  wax,  refin,  or 
D  3  fulphur^ 
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fulphur,  are  united  by  heat.  The  difference 
between  the  affinities  of  aggregation  and  of 
compofition  may  hence  be  eafily  conceived. 

This  law  is  fo  true  and  fo  conftant,  that 
the  affinity  of  combination  is  never  fo  power- 
ful, as  when  the  bodies,  between  which  it  is 
exerted,  are  of  the  moft  different  kinds. 
Thus  it  is  that  acids,  whofe  properties  are 
fo  oppofite  to  thofe'of  alkalies,  combine  and 
form  the  moft  perfect  compounds  with  them. 
The  fame  oppofition  of  properties  is  obferv- 
ed  between  alkali  and  fulphur,  alkali  and 
water,  acids  and  metals,  fpirit  of  wine  and 
water,  &c.  all  which  have  an  exceeding 
ftrong  tendency  to  combine  with  each  other, 
and  to  form  the  moft  perfect  compounds, 
though  their  nature  is  totally  different. 

It  is  ftill  more  neceflary  to  attend  to  this 
leading  principle,  of  the  affinity  of  compo- 
fition, becaufe  many  chemifts,  with  Stahl  at 
their  head,  have  endeavoured  to  prove,  that 
Bodies  never  entered  into  combination,  but 
in  confequence  of  a  certain  agreement,  or 
refemblance  of  their  properties  ;  an  opinion, 
which  muft  of  courfe  be  rejected,  when  the 
full  extent  of  this  law  is  underftood.  On 
perufing  the  writings  of  the  greateft  che- 
mifts on  this  fubject,  it  is  feen,  that  the  re- 
femblances  they  endeavour  to  find  between 
fubftances  that  have  a  great  tendency  to 
unite,  are  always  very  remote  -,  and  that  by 
following  the  fame  method,  it  is  poffible  to 
find  others  equally  ftrong  between  the  moft 

diffimilar 
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diffimilar  bodies.  It  is,  however,  not  diffi- 
cult to  obferve,  that  thefe  great  philofophers 
were  defirous  of  rendering  the  theory  of  af- 
finities more  intelligible,  by  means  of  this 
explication  ;  and  thofe  who  are  aware  of  the 
extreme  difficulty  that  attends  the  eftablifh- 
ment  of  theory,  in  any  branch  of  humaa 
knowledge,  will  be  ready  to  confider  their  ef- 
forts with  the  gratitude  to  which  they  arc  en- 
titled. Their  works  are  of  the  higheft  utility, 
by  the  illuflrative  arrangement  and  connec- 
tion of  the  facts  .they  have  brought  together. 
But  our  firft  homage  is  due  to  truth,  which 
compels  us  to  avow  our  ignorance  of  the  caufe 
of  this  extenfive  fimilarity  of  facts  which  we 
offer  as  a  law  of  nature,  rather  than  to  have 
recourfe  to  an  analogy,  which  is  con  trad i&ed 
by  examining  into  the  properties  of  bodies. 

Second  Law  of  the  Affinity  of  Compofition. 

The  Affinity  of  Compofition  does  not  take 
place,  except  between  minute  Bodies. 

In  order  to  conceive  this  law  as  it  really 
exifts,  it  is  necefTary  to  diftinguifh  thofe  fub- 
jedls  concerning  which  the  chemift  reafons, 
from  others  properly  called  phyiical.  The 
latter  are  bodies,  whofe  exterior  properties, 
fuch  as  mafs,  bulk,  furface  and  figure,  may 
be  fubmitted  to  computation,  and  appreciat- 
ed by  the  fenfes.  The  natural  philofopher 
or  mechanic  is  bufied  in  the  confederation  of 
aggregates.  Chemical  fubjedts,  on  the  con- 
D  4  trar /, 
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trary,  are  bodies  that  have  loft  their  aggrega- 
tion, and  confequently  no  longer  exhibit  the 
phyfical  properties  of  aggregates  to  the  fenfes. 
They   are    particles   (o    fubtle,    that    their 
figure   and   value   cannot    be    known   from 
meafurement.     Bodies  do  not  obey  the  af- 
finity of  compofition,  till  they  have  been  re- 
duced by  the  preparatory  operations,  to  the 
requifite  degree  of  minutenefs.     It  feems  as 
if  this  property  were  confined  in  its  operation 
to  the  infinitely  fmall  particles,  or  ultimate 
molecules  of  bodies.     Hence  it  appears,  that 
the  affinity  of  compofition  differs   from  the 
attraction   fubfifting  between  large    bodies. 
This  difference  is  ftill  more  finking,  when 
v/c  confider  the  oppofition  which  is  obferved 
between  the  affinities  of  aggregation,  and  the 
affinities  of  compofition.     This  oppofition 
is  fo  well  eftablifhed,   that  I  can  venture  to 
advance,    as    a  chemical    axiom,    that    the 
ilronger   the  affinity  of   combination,    the 
weaker  the  affinity   of  aggregation.     Thefe 
two  forces  feem  to  be  oppofed  to,  and  mu- 
tually to  counteract  each  other.     In  facl:,  the 
affinity  of  aggregation  oppofes  the  combina- 
tion of  bodies,  and  therefore  fuch  as  have  a 
ftrong  force  of  aggregation,  have  very  little 
tendency  to  enter  into  combination ;   while 
fubftances,  that  have  little  or  no  aggregation, 
have,  at  the  fame  time,  a  very  ftrong  difpo- 
fition  to  combine  with  others.     The  various 
kinds  of  air,   for  example,  are,  among  all 

bodies., 
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bodies,  thofe  which  have  the  weakeft  power 
of  aggregation,  and  are  likewife  thofe  which 
have  the  greater!:  difpoiition  to  unite  with 
almoft  every  other  kind  of  body. 

Laftly,  To  eftablifh  the  leading  principle, 
we  mall  not  hefitate  to  conclude,  that  as 
there  are  many  cafes,  in  which  the  affinity  of 
aggregation  counteracts  the  affinity  of  com- 
pofition ;  as  in  all  folid  bodies,  fuch  as  me- 
tals, fulphurs,  lead,  faline  cryftals,  &c. 
which  cannot  be  united  to  acids,  alkalis  or 
water  in  their  flate  of  folidity  ;  fo  there  arc 
likewife  fome  cafes,  in  which  the  affinity  of 
compofition  not  only  oppofes,  but  even  de- 
ftroys  the  force  of  aggregation.  It  thus  hap- 
pens, when  we  bring  together  two  fluids 
that  have  a  great  affinity  to  each  other,  and 
at  the  fame  time  tend  to  take  the  aerial 
or  vaporous  form ;  as  the  cauftic  volatile 
alkali,  and  the  marine  acid,  when  each 
exhales  a  vifible  fume,  coniifting  of  fub- 
ftance  itfclf,  whofe  aggregation  is  broken  by 
the  force  of  combination,  and  which  ap- 
proaches and  comes  into  contact  with  the 
other  neighbouring  body.  This  phenomenon 
takes  place  when  two  glafs  veffels  are  placed 
near  each  other,  containing  the  fluids  above- 
mentioned.  It  is  obferved  alfo  between  the 
volatile  alkali,  and  the  humid  metallic  falts. 
It  often  happens  that  thefe  bodies,  expofed  in 
covered  veffels  feveral  feet  afunder,  tend  in 
fuch  a  manner  to  unite,   that  they  efcapc  in 

viable 
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vifible  vapours,  whofe  direction  carries  them 
manifestly  towards  each  other. 

Third  Law  of  the  Affinity  of  Compofition. 

The  affinity  of  compofition  can  exert  its 
a&ion  on  more  bodies  than  two. 

This  law  of  affinity  is  one  of  thofe  we  arc 
leaf!  acquainted  with,  and  has  been  hitherto 
but  very  imperfectly  inquired  into.     Many 
affinities  and  combinations  of  two  bodies  are 
known.     Fewer  of  three,  and  ftill  fewer  of 
four  bodies  united  by  equal  affinity  have  been 
noticed.  The  metals  alone  prefent  fuch  com- 
binations, and  may  be  combined  with  two, 
three,  or  four.     It  is  probable  that  combi-> 
nations  of  more  than  four,  as  for  example, 
fix  or  eight  bodies  may  exift ;  but  art  has 
hitherto  thrown  very  little  light  on  this  fub- 
je&.     The  caufe  of  the  flow  progrefs  of  the 
ftudy  of  this  law,  will   be  fhewn  when  we 
come  to  treat  of  the  eighth  law.     The  affi- 
nity that  may  take  place  between  many  bo- 
dies is  denoted  by  their  number,   by  faying 
the  affinity  of  two,   three,  four  bodies,  and 
fo  forth.     The  rapid  advancement  of  mo- 
dern chemiftry,  the  multiplicity  of  refearches 
that  are  purfued,  and  the  Scrupulous  exacl- 
nefs  of  the  prefent  methods,  give  us  reafon 
to  hope  that  thefe  affinities,  which  are  called 
complicated,  will  foon  become  better  known. 

Fourth 
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Fourth  Law  of  the  Affinity  of  Competition. 

In  order  that  the  affinity  of  compofition 
may  take  place  between  two  bodies,  it  is 
neceflary  that  one  of  the  two  at  leaft  fhould 
be  in  a  ftate  of  fluidity. 

This  law  has  been  long  known  to  che- 
mifts,  and  is  expreffed  by  the  following 
axiom,  Corpora  non  agunt  nifi  foluta.  The 
moft  connected  and  exact  obfervations  have 
fhewn,  that  two  folid  fubftances  cannot 
unite  into  combination  with  each  other. 
Whence  it  happens,  that  bodies,  which  have, 
the  greateft  tendency  to  unite,  cannot  effect  it, 
unlefs  one  of  them  be  in  the  ftate  of  fluid  ag- 
gregation. The  more  fluid  the  bodies  which 
the  chemift  is  deflrous  of  combining  are,  the 
lets  aggregative  force  they  have,  and  confe- 
quently  the  more  eaiily  and  intimately  they 
may  be  united.  It  is  for  this  reafon,  that 
no  combination  is  more  rapidly  or  more  per- 
fectly made,  than  when  two  aeriform  bodies 
are  brought  into  oontaft,  as  the  marine  acid 
air,  and  alkaline  air. 

Though  two  folid  bodies  can  never  com- 
bine, yet  there  are  certain  circumftances  in 
which  dry  fubftances  reduced  to  fine  pow- 
der aft  with  fufficient  energy  on  each 
other,  to  unite  and  form  a  new  compound. 
Thus  I  have  obferved,  that  the  cauftic  fixed 
alkali  unites  when  cold  by  fimple  tritura- 
tion 
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tion  with  fulphur,  antimony,  and  kermes 
mineral,  as  I  mall  elfewhere  defcribe ;  but 
in  this  cafe,  the  extreme  divifion  of  the  two 
bodies  and  the  moifture  of  the  atmofphere, 
attraded  by  the  fait  which  foon  deliquiates, 
are  of  lingular  advantage  to  the  combination, 
and  in  fad  bring  it  within  the  law  we  are 
treating  of. 

It  is  not  always  neceffary  that  both  the 
bodies  we  wifh  to  combine  mould  be  fluid, 
but  only  that  one  of  them  mould  be  fo.  Dur- 
ing their  union  a  phenomenon  takes  place, 
which  chemifts  call  diffolution  or  folution. 
It  is  the  attenuation,  divifion,  and  total  dis- 
appearance of  the  folid  body  placed  in  con- 
tad:  with  the  fluid.  To  underftand  the  caufe 
of  this  phenomenon,  it  is  to  be  confidered, 
that  the  affinity  of  combination  which  exifts 
between  two  fubftances,  the  one  fluid,  and 
the  other  folid  (as  for  example,  the  vi- 
triolic acid  and  a  piece  of  calcareous  fpar)  is 
lironger  than  the  affinity  of  aggregation  that 
unites  the  particles  of  fpar,  and  caufes  it  to 
poffefs  a  folid  form.  Now,  fince  by  the 
third  law  this  affinity  cannot  take  place  but 
between  fmall  bodies,  it  becomes  a  neceffary 
condition  that  the  fpar  muft  be  reduced  into 
very  fmall  particles  by  the  lofs  of  its  aggre- 
gation, before  it  can  unite  with  the  vitriolic 
acid,  and  form  felenite.  The  ancient  che- 
mifts in  all  folutions  made  a  diftindion  be- 
tween the  folvent,  and  the  body  intended  to 

he 
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be  diflblved  -,  the  former  being  the  fluid,  and 
the  latter  the  folid.  This  diftin&ion,  which 
fuppofes  in  the  fluid  a  force  fuperior  to  that 
exifting  in  the  folid  aggregate,  cannot  be 
admitted  by  modern  chemifts,  who  obferve 
with  M.  Gellert,  that  in  folution  the  adlion 
is  equal  on  both  fides,  and  that  in  the  ex- 
ample here  cited,  the  vitriolic  acid  would 
not  deftroy  the  aggregation  of  the  fpar,  if 
this  laft  did  not  tend  to  combine  with  the 
vitriolic  acid  with  an  equal  force.  The 
term  folvent,  at  prefent  applied  to  fluids,  is 
therefore  far  from  being  chemical,  and  pre- 
fents  to  the  mind  the  idea  of  a  mechanical 
a&ion ;  for  which  reafon  it  would  be 
better  to  rejedt  it  altogether.  But  as  cuf- 
tom  has  unfortunately  prevailed,  it  be- 
comes neceflary  to  remember,  that  when  one 
body  is  faid  to  diflblve  another,  nothing 
more  is  intended  to  be  expreflfed,  than  the 
ftate  of  fluidity  of  the  former ;  and  that  no 
greater  activity  is  attributed  to  it  than  to 
the  folid,  which  poflefles  exactly  the  fame 
force. 

The  falfe  idea  that  has  till  lately  prevailed 
concerning  folution,  has  doubtlefs  arifen 
from  the  mechanical  theory  of  this  operation 
of  nature,  which  certain  philofophical  che- 
mifts have  invented.  This  theory,  which  is 
found  in  every  page  of  Lemery,  confiftsin  fup- 
pofing  the  folvent  an  acid,  for  example,  to 
be  an  aflemblage  of  very  acute  points,  and 

the 
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the  body  to  be  diflblved  as  pofieffing  an  in- 
finite number  of  pores,  in  which  the  points 
of  the  acid  are  received,  which  tear  a/under 
its  parts,  and  by  that  means  reduce  it  to 
fuch  a  ftate  of  divifion,  as  to  caufe  it  to  ef- 
cape  the  fight.  It  is  fufficient  to  exhibit 
the  opinion  ;  the  more  accurate  and  leis 
hypothetical  method  of  cultivating  philo- 
fophy,  which  is  now  univerfally  adopted, 
will  fave  us  the  trouble  of  confuting  it. 

Fifth  Law  of  the  Affinity  of  Compofition. 

When  two  or  more  bodies  unite  by  the 
affinity  of  compofition,  their  temperature 
changes  at  the  inftant  of  their  union. 

This  phenomenon  has  appeared  fo  con- 
ftantly  to  attend  every  operation  that  art  can 
perform,  that  we  have  thought  proper  to 
confider  it  as  one  of  the  laws  of  the  affinity 
of  compofition.  The  temperature'of  bodies 
during  combination,  may  be  altered  by  the 
production  of  either  heat  or  cold.  The  latter 
takes  place  much  oftener  than  the  former; 
but  as  cold  is  produced  in  mafiy  fynthetical 
operations,  we  have  exprefTed  this  pheno- 
menon, by  the  v/ords  "  change  of  tempera- 
ture." 

It  may  be  objected,  that  there  are  certain 
folutions  or  combinations  llowly  effected, 
in  which  no  change  appears.     To  this  we 
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anfwer,  only  by  requefting  that  they  .will 
plunge  a  very  fenfible  thermometer  in  thefe 
folutions,  and  they  will  be  convinced  that 
a  change  of  temperature  takes  place,  which 
is  almoft  always  warmer  than  that  of  the 
atmofphere. 

This  phenomenon  feems  likewife  to  de- 
pend on  the  change  of  the  aggregation  of  the 
fubftances  that  become  combined,  in  their 
paffage  from  folidity  to  fluidity,  according 
to  the  obfervation  of  Beaume,  of  which  we 
fhall  elfewhere  fpeak.  But  as  this  change 
of  aggregation  is  a  confequence  of  the  a&ion 
of  the  affinity  of  combination,  it  is  evident 
that  this  laft  affinity  is  the  caufe  of  the 
change  of  temperature. 

M.  Macquer  was  of  opinion,  that  the  va- 
riations in  the  temperature  of  bodies  that 
enter  into  combination,  depended  on  the  mo- 
tion the  particles  are  put  into  ;  but  if  this 
explanation  be  admitted  as  fufficiently  indi- 
cating the  caufe  of  heat  in  cafes  in  which  it 
is  obferved,  it  certainly  does  not  explain 
other  cafes,  wherein  cold  is  produced. 
Some  modern  chemifts,  and  in  particular 
Scheele  and  Bergman,  are  of  opinion, 
that  heat,  which  they  efteem  as  a  peculiar 
fubftance,  is  greatly  concerned  in  chemi- 
cal combinations,  producing  cold  when  ab- 
forbed,  or  heat  when  difengaged.  Though 
this  theory  explains  very  well  the  changes  of 
temperature  that  takes  place  when   bodies 

unite, 
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unite,  it  is  neverthelefs  fubjedt  to  very  great 
difficulties  ;  the  chief  of  which,  as  we  fhall 
prove  when  we  come  to  fpeak  of  fire,  are 
founded  on  the  coniideration,  that  the  exift- 
ence  of  heat,  as  a  peculiar  fubftance,  is  by  no 
means  demonftrated. 

Sixth  Law  of  the  Affinity  of  Compofition. 

Two  or  more  bodies,  united  by  the  affinity 
of  compofition,  for  m  a  fubflance,  whofe  pro- 
perties are  very  different  from  thofe  of  any 
one  of  the  bodies  before  their  combination. 

This  law  in  particular  requires  to  be  well 
proved,  becaufe  many  celebrated  chemifts 
of  the  prefent  age  have  entertained  notions 
refpefting  compounds,  which  by  no  means 
agree  with  the  greater  number  of  facts,  and 
are  directly  oppofite  to  what  we  here  offer, 
as  one  of  the  principal  and  moft  remarkable 
of  the  phenomena  attending  the  affinity  of 
compofition. 

Stahl  and  his  followers,  whofe  abilities 
in  other  refpedts  have  been  of  fuch  important 
fervice  to  chemiflry,  have  affirmed,  that 
compounds  always  partake  of  the  properties 
of  the  bodies  that  enter  into  their  compo- 
fition; and  that  their  properties  are  inter- 
mediate between  thofe  of  their  principles. 
They  have  even  carried  this  notion  fo  far, 
as  to  imagine  that  it  was  poffible  to  conjec- 
ture, from  the  properties  of  a  compound,  the 

nature 
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nature  of  the  bodies  that  compofe  it.  From 
confiderations  of  this  kind  it  was,  that  Stahl 
pronounced  falts  to  be  compofed  of  earth  and 
water,  becaufe  he  thought  he  obferved  in  all 
falts,  properties  intermediate  between  thefe 
two  fubftances.  As  we  propofe  to  difcufs 
this  doclrine  when  we  arrive  at  the  part  of 
our  work  that  treats  of  falts,  we  fhall  make 
no  obfervations  on  this  example  in  this  place, 
but  fhall  content  ourfelves  with  obferving 
that  the  chemifts,  who  have  followed  Stahl 
in  this  opinion,  have  not  had  better  fuccefs 
than  himfelf  in  their  proofs  -,  and  that  the  in- 
termediate or  mean  properties  which  they 
have  pretended  to  difcover  in  compounds, 
have  feldom  any  but  the  moft  remote  agree- 
ment with  thofe  of  the  fubftances  that 
conftitute  the  combination.  This  obfer- 
vation  we  mail  eftablifh  from  the  conlidera- 
tion  of  the  very  inftances  that  are  urged 
by  Stahl  himfelf.  And  we  cannot  here 
avoid  remarking  the  difficulty  which  that 
author  appears  to  have  met  with  in  efta- 
bliming  this  opinion  in  his  writings,  and 
the  embarraffment  which  prevails  in  his 
explanations.  Thefe  confiderations  engaged 
M.  Bouquet  and  myfelf  to  examine  this 
theory  with  attention,  and  induced  us  to 
adopt  another  diredtly  oppofite  to  it. 

In  reality,  nothing  more  will  be  necef- 
fary  to  prove  the  exiftence  of  the  law  con- 
cerning which  we  are  now  treating,  than  to 

Vol,  I,  E  point 
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point  out  inftances  of  compounds  whofe 
properties  are  entirely  new,  and  have  no 
kind  of  relation  to  thofe  of  their  component 
parts.  The  hiftory  of  every  chemical  com- 
bination tends  to  fnpport  our  pofition,  and 
there  is  not  a  fingle  fact  which  will  not  fur- 
nifh  matter  for  its  proof.  '  We  (hall  there- 
fore felect  a  few  ftriking  inftances  in  well 
known  combinations,  from  which  it  will 
follow  :  i .  That  bodies,  which  enter  into 
combination,  lofe  the  properties  they  before 
pofTeffed.  2.  That  they  acquire  new  pro- 
perties totally  different. 

Let  us  fix,  then,  in  order  to  proceed  with 
method,  upon  fuch  properties,  as  if  varied, 
will  affect  the  fenfes  very  confiderably  in 
confequence  of  fuch  variation.  The  tafte 
is  often  very  coniiderable  in  two  limple  bo- 
dies, and  when  they  are  combined,  they  have 
a  very  faint  or  feeble  tafte  when  compared 
with  that  before  pofTeffed  by  either.  Vi- 
triolated  tartar,  which  is  produced  from  the 
union  of  two  ftrong  cauftics,  oil  of  vitriol 
and  pure  fait  of  tartar,  has  only  a  bit- 
terifh  tafte,  which  can  by  no  means  be  re- 
garded as  intermediate  between  the  two 
cauftic  falts.  On  the  contrary,  two  bodies 
that  have  little  or  no  tafte  may  acquire  a 
very  pungent  one  by  their  union.  Mer- 
cury and  the  marine  acid,  given  feparately  in 
a  dofe  of  a  few  grains  in  a  glafs  of  water, 
are  not  capable  of  producing  any  noxious 

effect 
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effect  on  the  animal  economy ;  while  the 
fame  dofe  of  corrofive  fublimate  formed  by 
the  union  of  thefe  fubftances,  and  adminif- 
tered  in  the  fame  vehicle,  is  one  of  the  moft 
violent  poifons,  and  of  a  moft  corrofive  tafte. 

The  affinity  of  compofition  has  a  Angu- 
lar influence  on  the  form.  It  often  happens, 
that  two  matters,  that  are  not  fu&eptible  of 
cryftallization  alone,  affume  a  regular  form 
when  they  are  united,  as  is  the  cafe  with 
the  marine  acid  air,  and  alkaline  air,  which 
in  the  inflant  of  their  union  conftitute  cryf- 
tals  of  fal-ammoniac.  In  other  cafes,  the 
form  is  limply  changed  and  modified,  as  in 
the  union  of  certain  neutral  falts  with  each 
other,  and  in  metallic  alloys,  which  exhi- 
bit, according  to  Abbe  MongezL,  crystalliza- 
tions fomewhat  differing  from  thofe  of  the 
metals  in  a  ftate  of  purity.  Laflly,  bodies 
very  fufceptible  of  cryftallization  alone,  lofe 
this  property  when  united  with  other  bodies; 
as  metals  united  with  air,  and  fome  of  them 
when  united  with  acids. 

The  fame  obfervations,  in  proof  of  the 
law  we  offer,  may  be  made  with  regard  to 
confiftence.  It  is  feldom  the  fame  in  a 
compound,  as  in  the  principles  that  com- 
pofe  it.  Thus  it  is  found  that  two  fluids, 
united  with  each  other,  fuddenly  produce  a 
folid,  as  is  feen  in  oil  of  tartar  added  to  oil 
of  vitriol ;  and  that  from  the  union  of  two 
folids  there  frequently  refults  a  fluid,  as  in 
E  2  neutral 
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neutral  falts  combined  with  ice,  and  in  the 
mixture  of  an  amalgam  of  lead  with  an 
amalgam  of  bifmuth. 

The  colour  is  frequently  altered  in  com- 
bination. Sometimes  it  difappears,  as  when 
the  coloured  marine  acid  is  added  to  a  metal, 
the  folution  is  tranfparent.  Very  often  two 
bodies  afiume  a  deeper  colour  than  before, 
in  confequence  of  their  union  ;  as  when 
iron  or  copper  are  diffolved  in  moft  acids, 
or  lead,  mercury,  and  moft  of  the  metals 
united  to  pure  air,  and  in  the  ftate  of  me- 
tallic calces. 

It  is  frequently  found  that  two  bodies  of 
very  pungent  fmell  form,'  by  uniting,  a  fub- 
ftance  without  fmell ;  as  the  marine  acid  air 
and  alkaline  air  already  mentioned,  both  which 
have  a  fuffocating  fmell,  but  in  their  union 
form  fal-ammoniac,  which  has  fcarcely  any 
fmell.  Again,  from  inodorous  bodies  a  com- 
pound mafs  arifes,  whofe  fmell  is  ftrong; 
as  is  obferved  when  fulphur  and  fixed  alkali 
form  the  very  foetid  fubftance  called  liver  of 
fulphur. 

We  may  proceed  to  the  confi deration  of 
fufibility.  Two  very  infufible  fubftances 
may  become  very  fufible  when  united.  Com- 
binations of  metals  will  melt  with  the  heat 
of  boiling  water,  and  combinations  of  earths 
will  flow  into  glafsj  but  the  fimple  fub- 
ftances themfelves  are  much  lefs  fufible. 

The  foregoing  fafts  are  far  from  being  the 

only 
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only  ones  which  might  be  urged  in  fupport 
of  this  law.  There  are  many  other  that 
will  offer  in  the  courfe  of  chemical  reading, 
which  it  will  not  be  at  all  difficult  to  apply. 

Seventh  Law  of  the  Affinity  of  Compofition. 

The  affinity  of  compofition  is  meafured 
by  the  difficulty  of  deflroying  the  combina- 
tion formed  between  two  or  more  bodies. 

Chemifts  are  acquainted  with  methods  of 
feparating  bodies  in  combination  with  each 
other;  but  thefe  methods  are  more  or  lefs 
eafy,  and  differ  in  their  degree  of  com- 
plication or  fimpHcity.  In  obferving  the 
appearances  that  take  place  in  thefe  pro- 
cefies,  it  is  conftantly  fctn  that  the  more 
perfect  the  compound,  the  more  difficult  it 
is  to  feparate  the  principles,  and  deftroy  the 
compofition.  The  degree  of  difficulty  ex- 
perienced in  making  this  feparation,  xnay 
therefore  ferve  to  fhew  the  adherence,  or  af- 
finity, that  exifts  between  bodies  refpectively. 

We  infift  the  more  ftrongly  on  this  law, 
becaufe  it  is  eafy  for  beginners  to  miftake  in 
eftimating  the  difference  of  affinity  that  ob- 
tains among  the  feveral  bodies  they  combine 
together.  The  rapidity  with  which  certain 
bodies  unite,  may  naturally  produce  a  con- 
clufion  that  the  adhefion  between  them  is 
very  ftrong.  Long  experience,  however 
has  fhewn  that  this  rapidity,  fo  far  from  in* 
E  3  dicatin 
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dicating  the  more  perfect  combinations,  ra- 
ther fhews  a  weak  adhefion,  and  produces 
only  a  very  imperfect  compound.  In  order, 
therefore,  to  fix  with  exactnefs  the  degree  of 
affinity  with  which  bodies  combine  and  re- 
main united,  we  muft  have  recourfe  to  the 
meafure  of  the  difficulty  experienced  in  fe- 
parating  them,  or  deftroying  their  union. 
The  examination  of  the  eighth  and  laft  law 
will  clear  up  this  matter. 

Eighth  Law  of  the  Affinity  of  Compo- 
iition. 

All  bodies  have  not  the  fame  force  of  affi- 
nity with  refpedt  to  each  other ;  and  it  is 
poffible  from  obfervation,  to  determine  the 
degree  of  the  force  exifling  between  differ^ 
ent  bodies. 

All  bodies  have  not  an  equal  tendency  to 
combine  with  each  other.  There  are  fome 
which  abfolutely  refufe  to  unite,  or  at  lead 
cannot  be  directly  united  by  art,  as  iron  and 
mercury,  water  and  oil,  &c. ;  though  it  can- 
not be  thence  inferred  that  there  is  no  affinity 
between  them;  other  fubftances  unite  with 
great  difficulty,  and  after  a  very  long  time. 

But  the  moft  important  circumftance  in 
the  variety  of  affinity  is,  that  as  this  force  is 
not  equal  amongft  all  bodies,  it  is  pivctica- 
ble  from  the  knowledge  and  application  of 
this  phenomenon,  immediately  to  effect  the 

feparation 
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feparation  of  two  bodies,  whofe  union  forms 
a  compound.  It  is  even  certain,  that  the 
moil  eilential  part  of  the  art  of  chemiftry 
confifts  in  producing  fueh  decoropofitions, 
by  means  of  which,  it  works  a  kind  of 
miracle  in  the  eyes  of  fuch  as  are  unac- 
quainted with  them.  To  explain  this,  let 
us  fuppofe  two  bodies  to  adhere  together, 
with  a  force  denoted  by  the  number  four, 
as  for  example,  an  acid  and  a  metal ;  and  let 
a  third  body  be  prefented,  which  has  an  affi- 
nity to  the  acid  equal  to  five  or  fix,  as  for 
example,  an  alkali.  What  will  be  the  con- 
fequence  ?  The  alkali,  which  tends  to  unite 
with  the  acid,  by  virtue  of  a  force  fuperior 
to  that  which  joins  the  fame  acid  to  the 
metal,  muft  feparate  the  latter,  in  order  to 
feize  the  acid.  As  this  in  fa<ft  takes  place, 
the  metal  is  feparated,  and  a  new  combina- 
tion is  formed  between  the  acid  and  the 
alkali.  This  decompofition  is  denomi- 
nated precipitation,  becaufe  the  matter  fe- 
parated commonly  falls  to  the  bottom  of 
the  fluid. 

The  matter  that  falls  to  the  bottom  is 
called  a  precipitate,  and  the  fubftance  added 
is  called  the  precipitant.  Precipitates  may 
be  diftingui fhed  into  four  kinds.  The  true 
precipitate  is  formed,  when  one  of  the  prin- 
ciples, fuch  as  it  exifted  in  the  compound,  is 
feparated,  and  falls  down.  Thus  when  fe- 
lenite,  formed  by  the  combination  of  the 
E  4  vitriolic 
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vitriolic  acid  and  quick-lime,  is  decompofed 
by  the  addition  of  the  pure  fixed  vegetable 
alkali,  which  has  a  greater  affinity  with  the 
acid,  the  lime  is  feparated,  and,  falling  to 
the  bottom,  conftitutes  a  true  precipitate. 
There  is  a  falfe  precipitate  obtained,  when  the 
new  combination,  formed  between  the  pre- 
cipitant or  fubftance  added  and  -one  of  the 
principles  of  the  compound,  falls  to  the  bot- 
tom by  reafon  of  its  infolubility,  and  the 
feparated  matter  remains  in  folution.  Thus 
in  decompofing  the  nitrous  folution  of  mer- 
cury by  the  marine  acid,  with  which  that 
metallic  fubftance  has  more  affinity  than 
with  the  former  acid,  the  new  combination 
of  mercury  and  marine  acid  falls  to  the  bot- 
tom of  the  vefTel,  forming  a  falfe  precipi- 
tate, above  which  the  nitrous  acid  remains 
diflblved  in  the  water.  This  difference  de- 
pends only,  as  we  fhall  fee  elfewhere,  on  the 
difference  of  folubility  of  the  matters. 

It  may  eafily  be  feen,  that  the  erroneous  de- 
nomination of  this  laft  example  tends  to  mis- 
lead beginners.  It  is  certain  that  thofe,  who 
gave  the  name  of  precipitate  to  the  fubftance 
feparated  from  the  compound  by  the  preci- 
pitant, ought  not  to  have  applied  it  alfo  to 
the  new  combination  produced  in  the  latter 
cafe.  But  even  fuppofing  that  the  name 
precipitate  were  confined  to  the  matter  fe- 
parattd  by  the  precipitant,  it  would  ftill 
be  productive   of  error,  becaufe  there  are 

many 
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many  cafes  in  which  the  feparated  matter,  fo 
far  from  falling  to  the  bottom,  rifes  and  is 
volatilized.  This  happens  when  the  combina- 
tion of  marine  acid  and  volatile  alkali  is  de- 
compofed  by  quick-lime,  which  has  a  greater 
affinity  to  the  acid  than  the  volatile  alkali 
has ;  the  latter  flies  off  in  vapour,  and  no 
precipitate  is  found  in  the  mixture.  To 
avoid  this  confulion  of  nomenclature,  it 
would  be  proper  to  fubftitute  the  name  of 
decompofition,  inftead  of  that  of  precipita- 
tion :  but  as  the  cuftom  has  prevailed,  we 
preferve  the  ufual  names,  firft  pointing  out 
the  errors  to  which  they  may  give  rife. 

It  is  fufficiently  clear,  that  a  liquid  muft 
be  prefent  in  the  operations  that  afford  the 
precipitates  we  have  fpoken  of.  In  this 
cafe  the  precipitation  is  faid  to  be  effect- 
ed in  the  humid  or  moift  way,  in  order  to 
diftinguifh  it  from  that  which  is  made  in 
the  dry  way,  or  by  fire,  and  which  is  effect- 
ed either  by  fufion  or  diftillation  ;  opera- 
tions that  will  be  explained  at  length  in  the 
following  part  of  this  work. 

Modern  chemifts  have  likewife  diftin- 
guifhed  with  much  more  propriety  two  other 
kinds  of  precipitates.  Thefe  are  pure  and 
impure  precipitates.  The  firft  comprehend 
all  bodies  which,  after  having  been  feparated 
from  the  compounds  of  which  they  were  be- 
fore a  part,  regain  all  their  former  properties, 

and 
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and  appear  to  have  fuffered  no  alteration,  ei- 
ther in  confequence  of  their  having  entered  in- 
to a  combination,  or  of  their  fubfequent  fe- 
paration.  This  number  of  this  kind  of  pre- 
cipitates is  very  confiderable,  though  that 
of  the  impure  kind  is  ftill  greater. 

That  a  precipitate  may  be  very  pure,  it 
is  neceffary,  not  only  that  it  mall  have  fuf- 
fered no  change  in  becoming  part  of  a  com- 
pound, but  likewife  that  it  mail  have  no 
affinity  with  the  precipitant.  For  example, 
when  fpirit  of  wine  is  poured  on  a  folution 
of  vitriolated  tartar  in  water,  the  fpirit  of 
wine,  which  has  more  affinity  with  the  water 
than  it  has  with  the  fait,  feparates  the  latter; 
and  the  vitriolated  tartar  falls  down  in  a  ftate 
of  purity,  becaufe  it  has  fuffered  no  altera- 
tion from  the  water  it  was  combined  with, 
nor  with  the  fpirit  with  which  it  cannot 
unite.  But  if  two  bodies  are  mutually  al- 
tered in  their  union,  as  is  the  cafe  when  me- 
tals are  combined  with  acids,  then  the  third 
body  employed  to  feparate  them,  as  for  ex- 
ample an  alkali,  will  precipitate  the  metal  in  a 
ftate  widely  different  from  that  which  is  na- 
tural to  it,  and  by  that  means  exhibits  an  im- 
pure precipitate.  The  fame  thing  happens, 
if  the  precipitant  has  any  tendency  to  unite 
with  the'  precipitate  ;  as  in  the  example  al- 
ready cited  of  a  metallic  folution  decom- 
pofed  by  an  alkali,  a  part  of  this  laft  fait  may 
combine  with  the  metal,  and  render  it  im- 
o  pure. 
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pure.  Thefe  two  caufes  of  the  impurity 
of  precipitates  are  almoft  always  united ; 
whence  it  happens,  that  one  of  the  mod 
certain  methods  of  dilcovering  a  falfe  preci- 
pitate, exclufive  of  the  ablence  of  the  effen- 
tial  properties  it  ought  to  poffefs,  is  to  add 
a  much  greater  quantity  of  the  precipitant 
than  is  ncceflary  to  deitroy  the  combination, 
and  the  excels,  by  combining  with  and  dif- 
folving  the  precipitate,  will  caufe  it  to  dis- 
appear. By  pouring  the  volatile  alkali  on 
a  folution  of  copper  in  the  nitrous  acid,  the 
copper  is  precipitated  in  the  form  of  flocks 
of  a  light  blue  colour.  The  colour  of  this 
precipitate,  far  from  refembling  the  metal- 
lic brilliancy  of  copper,  immediately  mews 
it  to  be  an  impure  precipitate.  This  is  ftill 
more  confirmed  by  the  addition  of  more  vo- 
latile alkali.  This  fait  diffolves  again  the 
blue  precipitate,  the  liquor  gradually  re- 
fumes  its  tranfparency,  and  arTumes  a  beau- 
tiful blue  colour,  which  indicates  the  com- 
bination of  the  calx  of  copper  with  the  vola- 
tile alkali. 

The  exact  knowledge  of  thefe  impure  pre- 
cipitates, which  p relent  themlelves  much 
more  frequently  than  the  pure,  is  due  to  the 
refearches  of  M.  Bayen  on  the  decompofi- 
tion  of  mercurial  folutions  by  alkalis,  and 
the  ftate  of  the  precipitates  obtained  in  thefe 
operations. 

After  the-  foregoing  explanations,  it  will 

not 
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not  be  at  all  difficult  to  underftand  the 
theory  of  decompofitions,  as  effected  by  the 
addition  of  a  third  body  to  a  combination  of 
two.  As  there  feems  to  be  a  kind  of  choice 
or  preference  between  one  of  the  principles 
of  the  compound,  and  the  fubftance  added, 
in  confequence  whereof  the  feparation  of  the 
two  firft  takes  place,  Bergman  has  adopted 
a  name  very  well  calculated  to  afford  an  exact 
notion  of  the  fail :  he  calls  this  force  elective 
attraction. 

Beginners  will  not  find  the  fame  facility  in 
underflanding  what  paffes  in  the  more  com- 
plicated phenomena  called  by  chemifts  double 
affinities,  and  by  Bergman  double  elective 
attraction.  It  often  happens,  that  a  combi- 
nation of  two  bodies  cannot  be  deftroyed  by 
a  third  or  a  fourth  body  feparately,  though 
if  a  compound  of  the  two  lafl  were  prefented 
to  the  former,  a  mutual  decompofition 
would  take  place.  An  example  will  render 
this  clear.  Vitriolated  tartar,  or  the  corr>- 
bination  of  the  vitriolic  acid  with  fixed  vege- 
table alkali,  cannot  be  decompofed  either  by 
the  cold  nitrous  acid,  or  by  lime,  if  pre- 
fented fingly.  But  if  to  a  folution  of  vitrio- 
lated tartar  be  added  the  neutral  fait  formed 
by  the  union  of  the  nitrous  acid  and  lime, 
the  two  combinations  are  mutually  decom- 
pofed ;  the  nitrous  acid  feizes  the  vegetable 
alkali,  and  forms  nitre,  while  the  vitriolic 
acid,  uniting  with  the  lime,  forms  felenite ; 

which, 
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which,  being  much  lefs  foluble  than  the 
nitre,  falls  to  the  bottom.  The  explana- 
tion of  this  remarkable  phenomenon  is  as 
follows.  The  vitriolic  acid,  united  with  the 
vegetable  fixed  alkali,  cannot  be  decompofed 
by  the  nitrous  acid,  nor  by  lime;  becaufe  its 
affinity  with  the  alkali  is  greater  than  that 
of  the  nitrous  acid  or  lime,  either  to  itfelf, 
or  to  the  alkali  :  But  when  the  compound 
of  nitrous  acid  and  lime  is  prefented,  the 
tendency  of  this  laft  acid  to  the  alkali  of  the 
vitriolated  tartar,  together  with  that  of  the 
vitriolic  acid  to  the  lime,  is  greater  than  the 
attractions  that  lead  to  preferve  the  original 
forms.  To  render  this  ftill  clearer,  let  us 
affume  numbers  to  exprefs  the  forces.  Sup- 
pofe  the  vitriolic  acid  to  adhere  to  the  alkali, 
with  a  force  denoted  by  8  ;  the  nitrous  acid 
tends  to  unite  with  the  alkali  with  a  lefs 
force,  which  therefore  we  may  call  7 ;  and 
therefore  cannot  fingly  effeCt  the  decompo- 
fition.  i\gain,  if  on  the  other  fide,  the 
tendency  of  the  lime  to  unite  with  the  vitri- 
olic  acid  be  affumed  for  the  fame  reafon  to 
be  6,  no  decompofition  will  take  place  by 
its  being  fingly  prefented.  But  if  nitrated 
lime  be  added  to  vitriolated  tartar,  there  will 
be  an  oppofition  of  attractions  to  each  other. 
The  firit  attraction  8,  tending  to  preferve 
the  original  form  of  the  vitriolated  tartar, 
will  be  oppofed  by  the  two  attractions  7  and 
6  equal  to  13,  tending  to  decompofe  it;  and 

therefore, 
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therefore,  if  the  attraction  tending  to  preferve 
the  form  of  the  other  compound,  nitrous 
acid  and  lime,  be  !efs  than  5,  or  the  differ- 
ence of  8  and  13,  a  double  decompofition  will 
follow.  So  that  if  this  laft  attraction  be  4, 
the  principles  will  arrange  themfelves  fo  as 
to  fatisfy  the  greater  attraction  of  7  added  to 
6,  inftead  of  the  lefs  of  8  added  to  4.  The 
combinations  will  therefore  be  nitrous  acid 
with  alkali,  and  vitriolic  acid  with  lime. 

In  double  affinities  there  are  therefore  two 
kinds  of  affinities,  which  it  is  neceffary  to 
diftinguifh.  1.  That  by  virtue  of  which 
the  principles  of  each  compound  adhere  to 
each  other.  Mr.  Kirwan  calls  this  firft  force 
the  fum  of  the  quiefcent  affinities,  becaufe  it 
tends  to  preferve  the  union  of  the  principles 
in  their  original  form.  2.  That  by  virtue 
of  which,  the  four  principles  change  their 
order,  and  form  new  combinations.  Mr. 
Kirwan  calls  this  fecond  force  the  fum  of  the 
divellent  affinities,  becaufe  it  is  capable  of  de- 
ftroying  the  effect  of  the  former.  By  the  help 
of  this  ufeful  distinction,  we  may  very  eafily 
/hew  what  happens  in  the  decompofition  and 
new  combinations  by  double  affinity,  by 
forming  a  table  after  the  manner  of  Berg- 
man. For  this  purpofe  the  two  compounds, 
that  mutually  decompofe  each  other,  are  to 
be  placed  between  two  braces  oppofite  each 
other,  fo  that  the  acids  may  be  oppofed  to 
the  bafes  they  exchange,  and  by  adding  to- 
gether 
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gether  the  numbers  exprefling  the  force  of 
affinity  the  four  bodies  have  for  each  other, 
the  two  horizontal  numbers  will  give  the 
fum  of  the  quiefcent  affinities,  while  the 
two  vertical  numbers  will  exhibit  the  divel- 
lent  affinities  by  which  they  are  oppofed. 
If  the  fum  of  the  latter  exceeds  that  of  the 
former,  a  double  decompofition  and  combi- 
nation will  follow.  By  applying  the  me- 
thod to  the  preceding  example,  its  utility 
and  precifion  will  be  eafily  ken. 

EXAMPLE. 

Nitre 


Vitriolated   . 

Tartar.     4 


Vegetable 
fixed  alkali. 


Nitrous  " 
Acid. 


8  quiefcent -affinities 4- =12  >  C^g°aa 


Vitriolic 
Acid. 


Lime. 


Selenite. 


I  have  explained  ten  examples  of  double 
decompofitions  that  take  place  in  mixing 
neutral  falts,  in  my  Memoires  et  Obferva- 
tions  de  Chimie,  vol.  1.  p.  308  and  438. 

Chemifts  have  not,  till  very  lately,  at- 
tended to  the  double  affinities  j  and  the  in- 
fiances  wherein  they  take  place  are  far  from 

being 
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being  all  known.  They,  who  employ  them- 
felves  in  chemical  refearches,  will  continu- 
ally obferve  this  kind  of  decompofition  in 
circumftances  where  no  fuch  event  has  been 
fufpe&ed.  Many  occasions  will  prefent 
themfelves  in  the  hiftory  of  faline  matters, 
in  which  we  fhall  obferve  thefe  affinities,  as 
lately  difcovered  by  Bergman,  Cornette,  and 
ourfelves. 

We  cannot  quit  the  explanation  of  this 
tenth  and  lafl  law  of  affinity,  without  tak- 
ing notice  of  the  ingenious  method,  firft  con- 
trived by  a  French  chemift,  to  exhibit  at  one 
view,  the  leading  phenomena  of  chemical 
decompofition.  Geoffroy  the  elder,  paying 
greater  attention  than  his  predeceflbrs  to  the 
various  relations  between  chemical  bodies, 
and  the  precipitations  they  occaiion,  con- 
trived in  the  year  171 8,  to  reprefent  in  a 
table,  in  the  order  of  their  affinities,  fuch 
bodies  as  he  had  obferved.  We  confine 
ourfelves  to  the  fimple  mention  of  this  hap- 
py thought  in  this  place,  which  we  fhall 
have  many  opportunities  of  explaining  in 
the  courfe  of  the  prefent  work.  Geoffroy 
offered  his  table  to  the  public,  as  an  effay  to 
which  he  forefaw  it  would  be  necefiary  to  make 
great  additions  and  alterations.  Many  che- 
mifts  have  adopted  and  extended  his  plan. 
Rouelle  the  elder  made  fome  corrections  in 
his  table,  and  added  feveral  columns.  M. 
de  Limbourg,  a  phyfician  at  Spa,  in  an  ex- 
cellent 
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cellent  difiertation,  which  gained,  in  con- 
junction  with  M.  Sage  of  Geneva,  the  prize 
propofed  in  1758  by  the  academy  of  Rouen, 
has  conftrudted  a  table  of  ftill  greater  extent. 
Gellert,  in  his  Metallurgic  Chemiftry,  has 
alfo  given  a  new  one.  But  no  one  has  ad- 
vanced this  part  of  chemiftry  more  than 
M,  Bergman,  profeffor  of  chemiftry  at  Up* 
fal.  This  celebrated  chemift  has  made 
a  diftinction  between  the  affinities  that 
take  place  in  the  dry  and  in  the  humid 
way.  He  has  given  two  very  large  tables, 
in  which  he  fhews  the  affinities  between 
moft  bodies  in  nature.  We  are  likewife  in- 
debted to  the  fame  philofopher  for  a  very 
ingenious  table,  in  which  he  has  found 
means,  by  a  peculiar  difpofition  of  the  che- 
mical characters,  to  prefent  a  view  of  the 
phenomena  of  double  affinities  ;  of  which 
an  example  has  juft  been1  given. 

After  having  thus  exhibited  the  principal 
phenomena  of  the  affinity  of  combination, 
and  eftabliftied  the  laws  by  which  this  force 
appears  to  be  governed,  we  fhall  proceed  to 
take  notice  of  certain  cafes  in  which  thefe 
laws  feem  to  be  fubject  to  variation.  We 
ihall  not  here  enter  into  a  detail  of  the 
facts  on  which  this  aflertion  is  grounded, 
becaufe  it  is  our  intention  to  remark  them 
carefully  wherever  they  occur.  We  fhall, 
therefore,  only  obferve,  that  the  apparent 
inconftancy  of  the  laws  of  affinity  depends 

Vol.  I.  F  folely  - 


$2     AFFINITY    OF    COMPOSITION. 

folely  on  certain  modifying  circumftances  5 
as  the  quantity  of  matter,  the  temperature 
of  the  atmofphere,  motion  or  reft,  folution 
by  water  or  by  fire,  that  is,  by  the  humid 
or  dry  way,  the  particular  ftate  of  aggrega- 
tion, &c:  Bergman  has  confidered  all  thefe 
circumftances  with  lingular  care  and  atten- 
tion, and  has  explained  the  various  apparent 
changes  they  are  capable  of  producing  in  the 
laws  of  affinity.  And  from  the  whole  of  the 
fadts  which  he  has  collected  on  this  fubjed:, 
he  has  concluded  that  thefe  variations  ought 
not  to  be  regarded  as  exceptions,  and  are  by  no 
means  fufficient  to  weaken  the  evidence  on 
which  the  doctrine  of  affinities  is  founded. 

This  fhews  the  opinion  which  ought  to 
be  entertained  of  two  other  kinds  of  affi- 
nity admitted  by  certain  authors.  The  one 
is  the  affinity  of  intermedium,  and  the  other 
the  reciprocal  affinity.  By  the  firft,  they 
underftand  that  which  caufes  a  body  in  com- 
bination with  another  to  unite  with  a  third, 
though  it  would  not  have  united  with  this 
laft,  if  it  had -not  previoufly  been  combined 
with  the  former.  Oil,  for  example,  will  not 
unite  with  water  ;  but  where  the  oil  is  com- 
bined with  a  fait,  a  foap  is  produced  foluble 
in  water,  by  the  medium  of  the  faline  mat- 
ter. It  is  not,  however,  the  fait  that  ren- 
ders the  foap  foluble,  becaufe  it  does  not 
exift  in  the  combination  with  all  its  faline 
properties  ?* but  it  is  to  the  new  properties 

of 
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of  the  compound  foap,  that  its  folubility  in 
water  is  to  be  referred.  This  phenomenon 
is  intirely  dependent  on  the  eighth  law  of 
affinity,  which  declares,  that  compounds 
poffefs  properties  intirely  new  and  different 
from  thofe  of  their  component  parts. 

The  reciprocal  affinity  takes  place  when 
a  compound  of  two  bodies  is  decompofed  by 
a  third,  and  the  feparated  principle  is  capa- 
ble of  decompofing  the  new  combination  in 
its  turn  -,  fo  that  there  feems  to  be  a  fort  of 
reciprocity  in  the  effedts.  So,  for  example, 
it  is  found  that  the  vitriolic  acid  has  a  greater 
affinity  with  the  fixed  alkali  than  the  nitrous 
acid  has,  and  that  it  decompofes  the  combi- 
nation of  this  alkali  with  the  latter  acid. 
Neverthelefs,  the  nitrous  acid  can  in  its  turn 
feparate  the  vitriolic  acid  from  the  alkali, 
fince  it  is  certain,  that  by  heating  vitriolated 
tartar  with  nitrous  acid,  nitre  is  again 
formed.  This  kind  of  affinity  admitted  by 
M.  Beaume,  is  to  be  attributed  folely  to  the 
circumftances  that  produce  a  change  in  the 
forces.  For  it  is  in  faft  neceflary  that  the 
nitrous  acid  fhould  be  hot,  to  decompofe 
vitriolated  tartar,  and  the  nitre  formed  in 
this  operation  is  again  decompofed  by  the 
vitriolic  acid,  when  the  mixture  becomes 
cold.  The  fuming  or  phlogifticated  nitrous 
acid  decompofes  vitriolated  tartar  in  the  cold; 
fuming  fpirit  of  fait  effects  the  fame  decom- 
pofition  according  to  the  obfervation  of  M. 
F  2  Cornette; 
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Cornette ;  but  Bergman  has  with  great  rea- 
fon  obferved,  that  the  fuming  acids,  which 
he  calls  phlogifticated,  have  other  affinities 
than  the  fame  acids  fimple,  pure,  or  de- 
phlogifticated. 

In  every  cafe  of  this  kind,  the  order  of 
the  affinities  is  changed  and  modified  by- 
particular  circumftances.  The  other  facts 
whereon  Beaume  founds  his  proof  of  the  re- 
ciprocity of  affinities,  as  the  decompofition  of 
fal-ammoniac  by  chalk,  and  of  the  calcareous 
marine  fait  by  concrete  volatile  alkali,  be- 
long to  the  double  affinities,  as  we  mall 
{hew  when  we  come  to  fpeak  of  thefe  falts. 

Nothing  remains  at  prefent  to  conclude 
our  difcourfe  on  the  affinities,  but  to  exhi- 
bit the  opinions  of  fome  philofophers  on  the 
caufe  of  this  force. 

Thofe  philofophers,  who  firft  attended  to 
the  fubject,  attributed  it  either  to  the  fimi- 
lar  figure  of  the  elementary  molecules,  or 
the  phyfical  configuration  of  the  parts  -y  or 
laftly,  to  a  certain  occult  relation  of  their  in- 
timate compofition.  Thefe  early  notions  are 
neceflarily  connected  with  the  mechanical 
explications  that  embarrafTed  the  fcience  of 
natural  philofophy  in  its  infancy. 

The  greater  number  of  fuch  modern  phi- 
lofophers, as  have  endeavoured  to  explain  the 
caufe  of  affinity,  have  obferved  an  analogy  be- 
tween this  force  and  the  Newtonian  attraction. 
Perluaded  that  nature  is  fimple  and  uniform, 

they 
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they  concluded  that  the  property  of  mutually 
uniting  muft  depend  on  that  of  attraction, 
which  all  bodies  are  known  to  poffefs.  They 
have  formed  a  comparifon  between  the  fmall 
bodies  which  are  acted  on  by  the  affinities,  and 
the  large  maffes  that  compofe  the  univerfe  $ 
and  have  considered  the  approach  of  the  for- 
mer to  each  other  to  combine,  as  a  confe- 
quence  of  their  mutual  gravitation.  It  is 
by  adopting  and  modifying  this  opinion,  that 
certain  writers  have  concluded  that  the  force 
of  affinity  follows  the  ratio  of  the  weight, 
and  that  the  heavieft  body  poffeiTes  the  power 
of  combination  in  the  ftrongeft  degree.  This 
hypothecs  fometimes  agrees  with  fads,*  as 
may  be  obferved  with  regard  to  many  acids, 
efpecially  in  their  action  on  metallic  fubftan- 
ces.  Laftly,  fome  chemifts  have  been  fo 
firmly  perfuaded,  that  there  is  the  moft  per- 
fect relation  between  attraction  and  chemical 

*  This  hypotiiefis  cannot  be  brought  to  the  teft  of  ex- 
periment, and  muft  therefore  reft,  like  many  others,  intirely 
on  its  analogy  with  the  phenomena  that  fuggefted  it.  The 
force  of  affinity  may  depend  on,  or  be  proportional  to, 
the  fpecific  gravity7  of  the  particles  ;  but  that  fpecific  gra- 
vity has  no  fort  of  relation  to,  and  confequently  is  not  de- 
ducible  from,  the  fpecific  gravity  of  the  aggregate.  To 
mention  one,  among  innumerable  inftances  in  proof  of  this 
aflertion;  it  is  found  that  fixed  air  compofes  more  than 
one  third  of  the  weight  of  calcareous  fpar,  whofe  denfity  is 
nearly  three  times  that  of  water  ;  but  when  difengaged, 
occupies  many  hundred  times  the  former  fpace.  Can  the 
fpecinc  gravity  of  its  particles  be  inferred  from  either  ftate  ? 
Certainly  not.     T. 

F  3  affinity, 
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affinity,  that  they  have  imagined  it  poffible 
to  meafure  and  compute  its  force  from  the 
adhefion  that  takes  place  between  bodies. 
M.  de  Morveau,  whofe  opinion  is  of  fuch 
authority  as  to  lead  that  ofother  philofophers, 
has  made  fome  experiments  with  a  view  to 
prove  this  afTertion.  Thefe  experiments  con- 
lifted  in  applying  to  the  furface  of  mercury, 
metallic  plates  of  equal  diameter,  fufpended 
from  the  arm  of  a  balance,  whofe  other  ex- 
tremity carried  a  difh  as  ufual.  In  this  laft 
he  placed  weights,  till  their  force  became 
equal  to  the  feparation  of  the  metallic  plate 
from  the  furface  of  the  mercury;  and  he 
found  by  comparative  trials  with  different 
metals,  that  their  adherence  to  the  mercury 
was  various,  and  agreed  fufficiently  near 
with  their  affinities  with  that  fluid.  That  is  to 
fay,  he  found  that  gold  adhered  the  ftrongeft 
of  all  to  the  mercury,  while  cobalt,  which  is 
fcarcely  capable  of  uniting  with  it,  was  raifed 
very  ealily  from  its  furface,  with  which  it 
has  little  or  no  adhefion.  We  muft  here 
take  the  liberty  of  obferving,  that  experi- 
ments of  this  nature  are  fubjecl  to  error,  be- 
caufe  the  lower  furface  of  the  metal  muft 
combine  with  the  mercury ;  and  the  portion 
of  amalgam  formed  in  thefe  circumftances 
being  naturally  more  confiderable  where  the 
metal  unites  the  moft  readily  with  the  mer- 
cury, will  then  add  moft  to  the  weight, 
and  confequently  require  the  greateft  force 

to 
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to  lift  it  up  from  the  furface  of  the  mercury. 
This  objection  feems  to  be  fufficiently  forci- 
ble to  deferve  the  attention  of  the  celebrated 
author  of  thefe  experiments. 

It  is  evident,  from  what  has  been  here 
related  concerning  the  opinions  of  philofo- 
phers,  that  the  caufe  of  the  attraction  of 
affinity  is  very  far  from  being  known  ;  and 
that  if  it  be  the  fame  with  the  attraction  of 
gravitation,  the  difference  of  the  laws  which 
it  follows,  compared  with  thofe  of  gravity, 
/hew  that  it  is  peculiarly  modified.  This 
truth  may  be  eafily  afcertained,  by  comparing 
the  knowledge  we  poffefs  concerning  the  at- 
traction admitted  by  Newton,  with  that 
which  we  begin  to  have  concerning  chemi- 
cal affinities.  In  reality,  the  former  does 
not  fenfibly  mew  itfelf,  but  between  large 
maffes,  and  is  En  thedired:  ratio  of  the  quan- 
tities of  matter;  whereas  the  latter  is  not 
obferved,  but  between  very  minute  bodies, 
and  is  abfolutely  infenfible  when  the  bulks 
are  confiderable.  The  former  exerts  its 
power  at  immenfe  diftances  ;  but  the  latter 
does  not  exift  but  between  bodies  in  contacft, 
or  nearly  fo.  We  have  already  exhibited  a  part 
of  the  comparifon,  in  examining  the  laws 
of  the  chemical  force  we  are  inquiring  into  ; 
and  we  believe  after  all  thefe  reflections,  that 
the  difference  between  thefe  two  natural 
phenomena  is  fufficiently  marked  to  render 
F  4  it 
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it   incumbent  on   philofophers  to  make  a 
diftindtion  between  them. 

If  we  might  prefume  to  give  our  fenti- 
ments  on  this  fubjedt,  we  think  that  it  is 
as  impracticable  in  the  prefent  ftate  of  our 
knowledge  to  difcover  the  caufe  of  the  che- 
mical affinity,  as  it  has  hitherto  been  to  affign 
that  of  gravity,  magnetilm,  &c.  -y  and  that  the 
fciences  will  be  much  more  promoted  by  exa- 
mining, without  intermiffion,  the  appearances 
that  prefent  themfelves,  and  by  multiplying 
the  laws,  if  poffible,  than  by  indulging  in  fpe- 
culations,  which  are  always  uncertain,  and 
too  frequently  founded  in  error. 


CHAP.       IV. 

Concerning  the  Principles  of  Bodies 

PHilofophers  in  every  age  have  admitted, 
that  all  the  variety  of  natural  bodies  are 
formed  of  primary  fubftances,  more  fimple 
than  themfelves,  which  they  have  diftin- 
guifhed  by  the  name  of  principles.  Che- 
mifts,  who  have  the  ftrongeft  convidtion  of 
this  leading  truth  from  their  analyfes,  have 
formed  ideas,  fufficiently  precife,  of  the 
nature  and  difference  of  thefe  principles  j 
and  have  even  admitted  of  feveral  kinds  or 

claffes 
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claffes.  It  muft,  however,  be  remarked, 
that  they  ufe  the  word  principle  in  a  dif- 
ferent fenfe  from  that  adopted  by  the  an- 
cient philofophers.  For  Ariftotle  and  Plato 
did  not  regard  any  fubftances  as  principles, 
but  fuch  as  are  too  minute  to  be  perceived 
by  the  fenfes,  and  form,  by  their  aflem- 
blage,  bodies  fomewhat  lefs  fimple,  which 
are  within  the  fphere  of  perception,  and 
were  by  them  called  elements ;  a  name  ftill 
retained,  and  applied  in  the  fame  fenfe. 
Thefe  are  what  other  philofophers  have 
called  atoms,  or  monades.  But  chemifts, 
not  chufing  to  enter  rafhly  into  fpecula- 
tions  of  fuch  fubtlety,  apply  the  term 
principle  in  general  to  all  bodies,  whether 
fimple,  or  more  lefs  compounded,  which 
they  obtain  in  their  analyfes.  Yet  as  prin- 
ciples, confidered  in  this  point  of  view,  are 
very  different  from  each  other,  they  have 
divided  them  into  proximate  and  remote 
principles.  The  firft  are  fuch  as  are  fepa- 
rated  by  a  firft  analyfis,  and  may  them- 
felves  be  compofed  of  others ;  as  for  exam- 
ple, in  decompofing  a  vegetable  fubftance, 
oils,  mucilages,  falts,  and  colouring  mat- 
ter, are  feparated  from  each  other,  and  are 
the  proximate  principles  from  which,  by 
new  operations,  other  principles  may  be 
had.  Thefe  other  are  the  remote  principles. 
Thus  mucilage,  which  is  a  proximate  prin- 
ciple of  plants,  affords  by  a  new  analyfis, 

acid, 
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acid,  water,  and  earth,  which  are  the  re- 
mote principles  of  the  plant.  Other  names 
have  alfo  heen  given  to  thefe  two  orders 
of  principles,  fuch  as  principiated  principles 
applied  to  thofe  before  called  proximate,  and 
principiant  principles  to  thofe  called  remote. 
Thefe  words  imply,  that  the  firft  are  com- 
pofed  of  other  principles,  and  that  the  laft 
are  fuch  as  ferve  to  form  or  conftitute  others 
more  compounded.  Some  chemifts,  for 
greater  accuracy  of  diftinction,  admit  feveral 
orders  of  principles.  They  call  the  moft 
fimple  by  the  name  of  primitive,  primary, 
or  firft  principles.  Principles  compofed  of 
the  moft  fimple  kind  united  are  called  fecon- 
dary,  or  principles  of  the  fecond  order. 
Principles  of  the  third  order  are  compofed 
of  this  laft,  &c. 

The  number  of  elements  has  not  been  al- 
ways the  fame  among  philofophers.  Some 
with  Thales  the  Milelian,  who  was  placed 
in  the  rank  of  the  {even  fages  of  Greece,  on 
account  of  his  uncommon  acquifitions  in 
knowledge,  and  who,  according  to  Cicero, 
was  the  firft  of  the  Grecians  who  applied  him- 
felf  to  natural  phiiofophy,  have  regarded  water 
as  the  principle  of  all  things .  According  to  A- 
naximenes,  air  occupies  this  firft  place,  and  he 
did  not  fcruple  to  deify  this  element,  on  ac- 
count of  its  great  importance.  Others  beftow- 
ed  the  chief  dignity  upon  the  earth;  the  leader 
of  whom  was  Anaximander,  the  difciple  of 

Thales, 
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Thales,  and  mailer  of  Anaximenes.  Every 
one  found  reafons  to  fupport  his  own  opi- 
nion ;  but  as  the  true  method  of  conducing 
chemical  and  philoibphical  inquiries  was 
not  then  known,  we  can  only  efteem  thefe 
early  notions  as  fpecuhtions,  void  of  all 
foundation.  About  three  centuries  after 
the  time  of  thefe  philolbphers,  Empedocles, 
a  phyfician  of  Agrigentum,  thinking  that 
the  fimplicity  of  the  four  fubftances  con- 
tended for  as  the  principle  of  all  things  to  be 
equal,  united  their  opinions,  by  admitting  of 
four  elements,  fire,  air,  earth,  and  water.  In 
the  fucceeding  age,  Ariftotle  and  Zeno,  a- 
dopted  this  opinion  of  Empedocles.  When 
we  refledl  on  the  reafons  that  may  have  en- 
gaged thefe  philofophers  to  regard  fire,  air, 
earth,  and  water,  as  elements,  we  are  tempt- 
ed to  believe,  that  it  was  not  fo  much  in 
confequence  of  the  accurate  knowledge  they 
could  have  acquired  concerning  thefe  bodies, 
as  in  confideration  of  the  magnitude  or  quality 
of  them,  and  the  conftancy  or  invariability  of 
their  properties.  Fire  exifts  every  where,  and 
its  effe&s  are  always  the  fame.  Our  globe  is 
furrounded  by  a  mafs  of  air,  whofe  efTential 
properties  do  not  feem  fubjed:  to  variation. 
Water  is  prefented  to  observation  on  the 
furface  of  the  globe,  in  an  immenfe  mafs, 
that  fills  up  or  conceals  its  abyfTes  or  cavi- 
ties. And  laftly,  the  globe  itfelf,  whofe 
volume  far  exceeds  that  of  all  the  creatures 

that 
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that  inhabit  it,  feems  to  be  formed  of  a  folid 
matter,  little  fubjecl:  to  change,  capable  of 
fixing  or  ferving  as  a  bafe  for  the  other  ele- 
ments. It  appears,  therefore,  that  it  was 
from  confiderations,  founded  on  the  bulk 
and  apparent  immutability  of  thefe  bodies, 
that  the  early  fages  were  induced  to  regard 
them  as  the  materials  ufed  by  nature  in  the 
formation  of  all  other  beings. 

The  peripatetic  doctrine  which  prevailed 
in  the  fchools,  preferved  the  Ariftotelian  dif- 
tinclion  of  elements,  till  the  fixteenth  cen- 
tury. At  that  period,  the  feci  of  chemifts, 
which  began  to  prevail  againft  the  others,  ad- 
mitted a  new  divifion  of  primary  fubftances. 
Paracelfus,  who  was  more  of  the  artift  than 
of  the  philofopher,  drew  immediate  infer- 
ences from  the  refults  of  his  operations,  and 
acknowledged  five  principles;  fpirit,  or  mer- 
cury; phlegm,  or  water  ;  fait;  fulphur,  or 
oil;  and  earth.  By  fpirit,  or  mercury,  he 
underftood  ^yery  volatile  and  odorous  fub- 
flance,  though  fimplicity  is  far  from  being 
a  conflant  attendant  on  thefe  properties. 
Water,  or  phlegm,  comprehended  in  his 
fyft'em,  all  the  aqueous  and  infipid  produces, 
and  is  liable  to  the  fame  objection  with  re- 
fpect  to  its  pretended  fimplicity.  The  word 
fulphur,  or  oil,  denoted  all  inflammable  and 
liquid  Jubilances,  and  confequently  a  great 
number  of  bodies  more  or  lefs  compounded, 
as  the  fat  and  effential  oils,  &c.     By  fait, 

he 
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he  indicated  every  dry  fubftance  poffeffing 
tafte  and   folubility,    qualities    that   belong 
to  a  great  number  of  compounds.     Laftly, 
the  word  earth  was  applied  in  the  doCtrine 
of  Paracelfus,  to  the  dry,  fixed,  and  infipid 
refidues  of  operations,  all  of  which  are  now 
known  to  differ  exceedingly  from  each  other, 
Beccher,  a  chemift,   who  has  treated  his 
fubjeCt  in   the  moft  philofophical   manner, 
was    aware    of  the    objections    that    might 
be    urged    againft  the  doctrine  of  Paracel- 
fus, and   from  a  conviction    of  its   ineffi- 
ciency, he  took  another  method  of  arriving 
at  the  elements  of  bodies.     He  firft  diftin- 
guifhed  two  principles  very  different  from 
each    other,    humidity    and    drynefs,   water 
and  earth.     He  divided  this  lafi  into  three 
fpecies ;  namely,  the  vitrifiable,  inflamma- 
ble, and    mercurial.     Vitrifiable  earth,  ac- 
cording to  him,,  was  that  which  alone  po£- 
feffed  the  greateft  immutability  ;  but  when 
mixed  with  fome  faline  earth,  was  capable 
of  forming  the  moft  perfect  glafs.    He  like- 
wife  attributed  to  it  the  property  of  render- 
ing the  combinations  into  which  it  entered 
folid,  and  little  fubjeCt  to  change.     The  in- 
flammable earth  was  known  by  the  combuf- 
tibility    of  the  combinations  it  enters  into. 
Beccher   regarded  it  as   the  caufe  of  fmell, 
colour,  and  volatility.    The  mercurial  earth 
he   fuppofed   to  exift  in  mercury,  arfenic, 
marine   acid,    &c.    &c. ;    and  its    peculiar 

character 


94  PRINCIPLES     OF     BODIES* 

character  was  that  of  giving  a  very  consider- 
able volatility  and  fpecific  gravity  to  the  com- 
pounds in  which  it  exifted.  Stahl  adopted, 
and  commented  on  the  do&rine  of  Beccher. 
He  regarded  the  inflammable  earth  as  fire 
fixed  in  bodies,  and  gave  it  the  name  of 
phlogifton.  He  could  not  fucceed  in  de- 
monftrating  the  exiflence  of  mercurial  earth, 
and  there  has  nothing  been  done  to  this 
day,  which  at  all  eftablifhes  it.  Stahl  paid 
the  greateft  attention  to  combinations  con- 
taining earth,  water,  and  efpecially  phlogif- 
ton ;  but  he  has  faid  nothing  concerning 
air,  which  Hales,  nearly  at  the  fame  period, 
proved  to  be  a  principal  agent  in  chemical 
phenomena. 

From  the  time  of  Beccher  and  Stahl  to 
the  prefent,  no  change  has  been  made  by 
chemifts  in  the  doctrine  of  the  elements  laid 
down  by  the  ancient  philofophers.  Like 
Empedocles,  they  have  acknowledged  four 
elements,  and  have  confidered  each  in  two 
different  ftates.  i.  As  free,  or  infulated; 
in.  the  large  mafTes  of  air  in  the  atmofphere, 
fire  taken  in  general,  water,  and  the  earth 
attended  to  at  large.  2.  Or  as  combined; 
in  which  kind  of  inquiry  their  bufinefs  has 
been  to  obtain  the  component  part  by  ana- 
lyfis. 

Such    were  nearly  the  opinions  adopted 
refpefting   the  principles  of  bodies,    from 
the  time  of  Beccher  and  Stahl,  till  the  valu- 
able 
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able  difcoveries  of  Prieftly  and  Lavoilier,  on 
fixed  air  and  combination,  neceflarily  intro- 
duced new  opinions.  In  fa<ft,  if  immuta- 
bility of  properties,  unity,  and  fimplicity, 
be  the  true  characters  of  elements  ;  and  if  it 
be  admitted  that  this  fimplicity  no  longer 
ex^fts,  when  a  body  is  found  to  be  capable  of 
decompofition,  it  muft  be  remarked  :  i. 
That  among  the  four  elements  there  are  at 
prefent  two,  namely,  air  and  water,  the 
principles  of  which,  art  has  fucceeded  in  de- 
compofing  and  feparating.  2.  That  the  exift- 
ence  of  fire,  in  the  fenfe  of  the  word,  as 
ufed  by  philofophers  and  chemifts,  taken  to 
be  a  peculiar  fluid  always  identical,  is  very  far 
from  being  proved ;  and  that  many  reafons, 
and  efpecially  the  various  modifications  of 
fire,  tend  to  weaken  the  probability  of  its 
b^ing  fuch,  as  we  fhall  fhew  in  the  follow- 
ing chapter.  3.  That  water  itfelf,  which 
feems  to  have  the  moft  ftriking  characters  of 
fimplicity  and  uniformity  of  ftruCture,  has 
not  refilled  the  late  expedients  ufed  by  che- 
mifts; and  that  M.Lavoifier  has  fucceeded  in 
decompofing  it  into  feveral  aeriform  fluids ;  a 
decompofition  which  had  already  been  in  fome 
degree  exhibited  by  the  differences  of  appear- 
ance (hewn  by  this  pretended  element  in  a 
variety  of  circumftances.  4.  That  elemen- 
tary earth  is  a  creature  of  the  imagination  ; 
fince  it  can  be  fhewn,  that  there  are  many 
earthy  fubftances  equally  fimple  and  inca- 
pable 
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pable  of  decompofition,  as  will  be  done  in 
the  concluding  chapter  of  this  firft  part. 

From  this  general  enumeration  of  fadb 
hereafter  to  be  more  fully  explained,  it  fol- 
lows, that  we  are  not  acquainted  with  any 
fimple  or  unchangeable  fubftances  j  that  the 
true  principles  or  firft  elements  of  bodies 
elude  our  fenfes  and  our  inltruments ;  that 
fuch  as  are  called  elements  are  far  from  be- 
ing fimple,  though  they  are  fo  denominated 
on  account  of  their  influence  in  natural  phe- 
nomena, and  their  exiftence  in  a  very  great 
number  of  products .  Thefe  affertions  agree 
with  the  opinions  of  fome  of  the  ancient 
philofophers,  who  did  not  regard  the  ele- 
ments as  the  moft  fimple  bodies,  but  fup- 
pofed  them  to  be  formed  of  principles  of  a 
far  greater  degree  of  tenuity  and  unchange- 
ablenefs. 

Thefe  notions  concerning  thofe  bodies, 
which  have  for  fo  many  ages  enjoyed  the 
title  of  elements,  and  to  which  we  deny 
that  prerogative,  do  not  prevent  us  from 
coniidering  fire,  air,  earth,  and  water,  as 
the  moft  fimple,  or  rather  the  leafl  com- 
pounded of  the  fubftances  we  know.  And 
as  we  meet  with  thefe  bodies  in  the  analyfis 
of  every  natural  product,  of  which  they  con- 
flitute  the  fecondary  principle,  it  will  not 
be  improper  to  confider  them  as  elements 
under  that  point  of  view. 

We  will  finifh  this  detail  by  explaining 

a  kind 
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a  kind  of  nomenclature  adopted  by  certain 
methodical  writers,  in  diftinguifhing  bodies, 
according  to  the  order  of  the  principles  that 
enter  into  their  compofition. 

If  two  elements  or  principles  are  united 
or  combined  together,  there  refults  a  body 
called  a  mixt.  A  number  of  mixts  form  a 
compound.  Two  compounds  united  form 
a  furcompound.  The  combination  of  fur- 
compounds  produces  a  decompound,  and 
thefe  laft,  in  like  manner,  generate  furde- 
compounds.  It  is  not  eafy  to  give  exam- 
ples of  thefe  different  kinds  of  compofition, 
as  we  can  fcarcely  proceed  fo  far  as  furcom- 
pounds.  Thefe  diftinctions  appear,  therefore, 
to  be  ideal,  and  of  no  ufe.  M.  Macquer, 
to  whom  chemiftry  is  indebted  for  much  of 
its  perfpicuity,  propofes  to  change  this  bar- 
barous and  inaccurate  nomenclature,  and 
inftead  of  it  to  fubftitute  the  words  com- 
pound of  the  firft,  fecond,  third,  &c.  order. 
Or  we  may  adopt  the  fame  .terms  to  diflin- 
guifh  chemical  principles  in  the  order  of 
analyfis  by  which  they  are  obtained,  inftead 
of  the  order  of  their  compofition. 
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CHAP.        V. 

Concerning  Fire, 

Hp HOUGH  we  neither  admit  of  the 
-*  word  element  in  the  fenfe  ufually  ap- 
plied to  it,  nor  entertain  the  opinion  that 
the  four  bodies,  fo  called,  are  the  imme- 
diate principles  of  all  others,  or  the  moft 
fimple  in  nature;  yet  we  think  it  neceflary 
to  attend  to  them  in  the  firft  place,  becaufe 
the  hiftory  of  their  properties  will  be  ufeful 
in  the  explanation  of  thofe  of  the  other  bo- 
dies, of  which  we  fhall  hereafter  treat ;  and 
in  the  next,  becaufe  they  cannot  be  ranged 
in  any  order  relative  to  natural  hiftory,  becaufe 
they  are  common  to  all  the  kingdoms  of 
nature. 

Among  the  four  bodies  called  elements, 
no  one  appears  to  be  more  active,  nor  at  the 
fame  time  more  fimple,  than  fire.  The 
moft  ancient  philofophers,  and  after  them 
philofophers  in  every  age,  have  given  this 
name  to  a  fubftance  which  they  fuppofed  to 
be  a  fluid  extremely  moveable  and  penetrat- 
ing, formed  of  particles  continually  agitat- 
ed, by  them  regarded  as  the  principle  of 
fluidity  and  of  motion.  When  we  reflect 
on  this  fubject,  we  mall  find  that  thefe 
properties  could  only  be  attributed  by  con- 
jecture 
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je&urc  to  a  body  placed  among  the  ele- 
ments, fince  its  exiftence  has  never  been 
demonftrated  ;  as  that  of  the  three  other 
elementary  fubftances  has  always  been.  It 
is,  indeed,  natural  to  think  that  this  name, 
fire,  has  in  all  languages  and  times,  been 
given  to  the  impreffion  that  heated  bo- 
dies communicate,  or  make  on  the  fenfes  : 
and  which  is  fynonymous  to  the  term 
heat,  as  well  as  to  the  light  that  bodies 
emit  when  in  combuftion.  The  Chancellor 
Bacon  is  one  of  the  firft  who  doubted  the 
exiftence  of  fire  as  a  peculiar  fluid,  and  took 
notice  that  philofophers  in  defining  it,  had 
always  miftaken  a  property  for  a  feparate 
fubftance.  Boerhaave,  whole  treatife  on  fire 
will  always  be  regarded  as  a  mafter-piece, 
was  fenfible  of  this  difficulty,  and  in  order 
to  render  the  properties  of  this  pretended 
element  more  evident,  he  examined  its  ef- 
fects on  bodies  wherein  it  is  thought  to 
exift ;  fo  that  he,  like  all  the  philofophers 
who  preceded  him,  has  written  a  hiftory  of 
heated,  luminous,  rarified,  burning  bodies, 
rather  than  that  of  fire  itfelf.  This  confu- 
fion  is  likely  to  be  always  found  in  natural 
philofophy;  for  the  properties  of  fire  are 
neceffarily  connected  with  thofe  of  the  bo- 
dies whereon  it  acts ;  fo  far  from  having  it 
in  our  power  to  infulate  it,  we  cannot  even 
form  an  idea  of  its  feparate  exiftence  :  and 
notwithftanding  the  advanced  ftate  of  che- 
G  2  miftry, 
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miftry,  it  has  not  been  found  poffible  to 
feizearid  confine  this  principle,  which  philo- 
fophers  feem  agreed  to  call  a  fluid,  and  whofe 
effects  they  explain  with  fufiicient  facility, 
when,  led  by  cuftom,  they  regard  its  ex- 
iflence as  well  cftablifhed.  Thefe  diffi- 
culties have  caufed  feveral  chemifts,  and  in 
particular  Macquer,  to  believe,  that  fire  is 
nothing  elfe  but  light,  and  that  heat  is  a 
modification  of  bodies  arifing  from  the  mo- 
tion and  collifion  of  their  particles*  This 
opinion,  however,  is  not  generally  received. 
To  form  an  adequate  notion  of  the  different 
theories  propofed  refpecting  fire,  we  muft 
not  confine  our  attention  to  general  pofitions. 
The  only  method  of  attaining  exaclnefs,  and 
to  throw  light  on  the  immenfe  number  of 
fadts  that  compofe  the  fcience  of  chemiftry, 
is  to  divide  the  fubjedt,  and  examine  its 
parts  feparately.  We  fhall  confider,  in  fuc- 
ceflion,  as  fo  many  particular  effedts  of 
fire,  light,  heat,  rarefadtion,  phlogifton,  the 
changes  produced  in  bodies  by  heat,  and,  laft- 
ly,  the  advantages  arifing  to  chemiftry  from 
their  changes. 

§  i .     Concerning  Light. 

We  cannot  entertain  the  fame  doubt  con- 
cerning the  exiflence  of  light,  as  of  fire, 
becaufe  its  exiflence  and  properties  are  at 

prefent 
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prefent  well  known  and  eftablifhed.  This 
fubftance,  emitted  from  the  fun  and  fixed 
liars,  is  the  caufe  in  moft  cafes  of  our  per- 
ception of  other  bodies.  This  matter,  re- 
flected in  right  lines  from  the  furface  of  bo- 
dies, is  the  caufe  of  the  fenfation  of  fight,  by- 
producing  an  image  of  external  objects  on  the 
retina  of  the  eye.  By  the  affiftance  of  a  dark- 
ened chamber,  means  have  been  found  to  exa- 
mine its  peculiar  properties  feparate  and  dif- 
tinct  from  thofe  of  the  bodies  from  which 
it  is  emitted. 

The  extreme  velocity  of  light  is  fuch, 
that  it  paries  through  the  fpace  of  80,000 
leagues  *  in  a  fecond,  according  to  the  moft 
eminent  aftronomers.  Its  motion  is  recti- 
linear, and  of  courfe  divergent  from  the 
point  which  emits  it,  and  the  elafticity  of 
the  rays,  or  the  re-action  of  the  power  that 
reflects  them  is  fo  perfect,  that  the  angle  of 
their  reflection  does  not  feniibly  differ  from 
that  of  their  incidence,  as  is  (hewn  by  writers 
on  catoptrics.  When  light  paries  near  any 
fubftance  whatever,  it  is  more  or  lefs  in- 
flected, and  this  inflection,  proving  that  it  is 
fubject  to  attraction,  is  an  evidence  of  its 
exiftence. 

*  Of    25   to    the   degree,    or    167,000    geographical 
miles.    T. 

G  3  Notwith* 
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Notwithftanding  the  velocity  of  light,  it 
is  eafily  defledted  out  of  its  courfe,  as  well 
by  the  bodies  it  paffes  through,  as  by  thofe 
it  paffes  near.  When  its  courfe  is  oblique 
from  a  rare  medium  into  a  denfer,  it  is  re- 
fradted,  or  fuffers  a  change  in  its  direction 
like  other  folid  bodies  3  but  Newton  *  dif- 
covered  that  its  refrangibility  is  towards 
the  perpendicular,  inftead  of  being  towards 
the  oppofite  part,  as  is  the  cafe  with  other 
bodies.  For  a  more  minute  detail  of  the 
properties  of  light,  reference  muft  be  made 
to  books  written  exprefsly  on  the  fubjecl  of 
optics. 

When  light  arrives  at  the  earth's  furface, 
2nd  prefents  to  our  fight  the  variety  of  bo- 
dies, which  it  would  otherwife  be  impoffi- 
ble  to  difcern,  we  find  that  the  mode  of 
adcion  cf  thofe  bodies  on  light  is  fuch  as  to 
diftinguifh  them  into  tranfparent  or  opake, 
and  coloured.  Tranfparency  is  the  pro- 
perty of  admitting  the  rays  of  light  to  pafs 
eafily  through  any  fubftance,  and  doubtlefs 
arifes  from  the  form  cf  the  pores,  -j-  As 
this  property  is  found  in  the  heavieil  and 

*  Newton  did  net  difeover  this.  Des  Cartes  firfr.  pub- 
lifhed  the  di  fee  very  of  the  coi.ftant  ratio  of  the  feries  of 
incidence  and  refraction  ;  though  it  was  certainly  known 
before  to  Willebiv;  J  Snellius,  and  Kepler  was  very  near 
difcovering  it.     T. 

f  The  minuteneis  of  the  particles,  and  fmallnefs  of  the 
pores.     See  Newton's  Optics.    T. 

harder! 
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hardeft.  bodies,  it  mufl  follow  as  a  con. 
quence  that  the  tenuity  of  light  is  extreme. 
When  thus  tranfmitted,  the  refractions  it 
undergoes  are  in  proportion  to  the  denfities, 
when  the  bodies  are  either  ftone?,  falts,  or 
glafies,  but  is  greater  when  the  bodies  are 
of  the  clafs  of  combuftibles.  Thus  yellow 
amber  has  a  greater  refracting  power,  than 
a  ialine  cryftal  of  equal  denfity. 

It  was  by  an  examination  of  the  refrac- 
tions and  reflections  of  light,  that  Newton 
fucceeded  in  decompoling,  or  rather  diflecl- 
ing  this  body,  and  in  proving  that  the  dif- 
ferent rays,  which  compofe  a  beam  of  light, 
are  each  capable  of  exciting  the  idea  of  a 
different  colour.  Before  his  time,  very 
little  was  known  refpecting  the  caufe  of  co- 
lour. As  each  kind  of  ray  is  differently  re- 
frangible as  w7ell  as  inflexible,  it  is  found 
that  a  beam  of  light  received  on  a  prifm  of 
glafs  is  feparated  into  its  various  compo- 
nent rays  by  refraction  as  it  paffes  through, 
and  being  intercepted  at  fome  diflance  by  a 
white  plane,  or  body  equally  capable  of  re- 
flecting all,  they  form  a  long  fpectrum,  con- 
finding  of  the  colours  in  the  following  or- 
der, namely,  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet ;  the  red  being  compofed 
of  fuch  rays  that  have  been  the  leaft  refracted 
out  of  their  courfe,  and  the  others  being 
more  and  more  refrangible  in  their  order. 

The  particles  at  the  furfaces  of  opake  bo- 
dies appear  to  produce  an  effect  on  light  re- 
G  4  fembling 
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fembling  that  of  the  prifm.*  It  is  on  this 
property  of  the  particles,  that  all  the  variety 
of  colours,  which  charm  the  fight,  depends. 
The  fad:  is,  that  bodies  are  white,  when 
they  reflect  or  return  back  all  the  rays  of 
light  that  fall  on  them ;  and,  on  the  con- 
trary, when  all  the  rays  are  abforbed,  we 
perceive  a  defed:  of  light,  which  we  call 
black,  and  is  in  reality  the  abfence  of  all 
colour :  and  again,  every  beam  of  white 
light  being  compofed  of  a  feries  of  the  {cvqxx 
primary  colours,  and  of  every  poffible  in- 
termediate tinge,  all  differing  in  reflexibi- 
lity,  each  particular  body  will  appear  of  the 
colour  it  is  conflrudted  to  refledt,  while  it 
abforbs  the  greater  part  of  the  rays  of  every 
other  colour.  Colour,  therefore,  depends 
on  the  nature  of  the  furface  of  the  bodies, 
as  tranfparency  does  on  their  pores,  and  both 
depend  on  the  habitudes  of  bodies  with  re- 
fped:  to  light.  Thus,  for  example,  the  co- 
lour called  blue,  or  red,  is  produced  in  bo- 
dies by  an  abforption  of  all  the  other  rays, 
except  the  blue  or  red,  which  are  reflected 
back. 

Thefe  are  the  chief  properties  of  light 
confidered  as  emitted  from  the  fun  or  the 
fixed  ftars.     But  ought  we  to  confine  our 

*  The  reparation  of  light  into  coloured  rays,  in  conse- 
quence of  its  falling  on  tranfparent  particles  of  definite 
magnitude,  (and  all  minute  bodies  are  tranfparent)  has  not 
yet  been  fhewn  to  be  of  the  fame  kind,  or  performed  in 
the  fame  manner,  as  the  feparation  effected  by  the  prifm.  T. 

inquiries 
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inquiries    refpe&ing    this    fubftance    to    its 
free  and  infulated  ftate.     Does  it  not,   like 
every  other   body  we  are  acquainted  with, 
obey  the  laws  of  affinity  in  the  fame  manner 
as  it  is  found  to  be   fubject  to  attraction  ? 
This    conjecture    is    rendered   more  proba- 
ble,   by   the    consideration   that  the  effefts 
of  light  do  not  feem   to  be  confined  to  its 
mere  re-aftion  on  bodies  that  modify  or  alter 
its  courfe.  If  it  be  true,  that  bodies  expofed 
to  the  contact  or  impulfe  of  light,  experi- 
ence an  alteration  or  change  of  nature  with-, 
out  any  other  evident  caufe,  it  muft  follow, 
that  light  itfelf  is  the  agent,  and  produces 
its  effects  by  a  chemical  force,  or  affinity. 
Though  it  has  not  yet  been  pofitively  de- 
cided, whether  their  changes  arife  from  the 
decompofition  of  light  itfelf,  or  of  the  bo- 
dies thus  altered,  or  of  both  together,  the 
facts  are  too  numerous  and  too  ftrikrng  to 
be  overlooked.     We  fhall  content  ourfelves 
with  mentioning  in  this  place  only  fuch  as 
are  of  the   moft  confluence,  and  the  beft 
eftablilhed ;  as   it  is  our   intention  to  treat 
the  fubject  more  fully  in  our  hiftory  of  each 
natural  body  in  its  order. 

Natural  philofophers  have  long  been  aware 
of  the  influence  of  light  on  vegetation.  It 
was  firft  obferved,  that  plants  growing  in  the 
fhade  are  pale,  and  without  colour.  Herbs 
that  grow  beneath  ftones  are  white,  {oft,  a- 
queous,  and  of  a  mild  or  infipid  tafte ;  and 
gardeners  avail  themfelves  of  the  knowledge 

of 
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of  this  fa£t  to  furnifh  our  tables  with  white 
and  tender  vegetables,  bybindingupandcom- 
preffing  their  leaves  together,  fo  as  to  defend 
them  from  the  contad:  of  light.  The  more 
plants  are  expofed  to  the  folar  rays,  the  more 
colour  they  acquire.  Such,  therefore,  is  the 
origin  of  thofe  colouring  matters,  of  fo  much 
value  for  their  livelinefs  and  body,  which 
many  of  the  eaftern  nations  extract  from 
woods,  bark,  and  roots,  and  which  the  ut- 
mofl  induftry  of  the  Europeans  has  not  fuc- 
ceeded  in  imitating. 

Colour  is  not  the  only  property  that  is 
obtained  by  vegetables  from  the  contaft  of 
the  rays  of  light.  Tafte,  odour,  and  com- 
buftibility,  are  likewife  derived  from  the 
fame  fource.  Light  contributes  greatly  to 
the  maturity  of  fruits  and  feeds ;  and  is  the 
caufe  why,  under  the  burning  fun  of  Ame- 
rica, vegetables  are  in  general  more  odorife- 
rous, of  a  ftronger  tafte,  and  more  abound- 
ing with  refin.  From  the  fame  caufe  it 
happens,  that  hot  climates  feem  to  be  the 
native  country  of  perfumes,  ftrong  fmelling 
fruits,  dying  woods,  and  reiins  of  various 
kinds.  Laftly,  the  action  of  light  is  fo 
powerful  on  the  organifm  of  vegetables,  as 
to  caufe  them  to  pour  forth  torrents  of  vi- 
tal, or  pure  air,  into  the  atmofphere,  while 
expofed  to  the  fun-fhine ;  whereas,  on  the 
contrary,  when  in  the  (hade  they  exhale  no- 
thing but  a  noxious  fluid,  or  true  aerial  acid, 

fimilar 
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fimilar  to    that   obtained   from    chalk,   and 
known  by  the  name  of  fixed  air,  or  acid  of 
chalk.      This   important    difcovery   due    to 
Dr.  Prieilley,  and   more   minutely  inquired 
into  by  M.  Ingen-houfze,  fhews  in  a  ftrik- 
ing  manner  the  influence  of  light  on  vege- 
tation.    The  effects  of  light  are  equally  itQTi 
in  a  great  number  of  chemical  operations. 
There   is   not  a  fubftance,    which  in   well 
clofed  glafs  vefTels,  and  expofed  to  the  fun's 
light,    does    not    experience    fome    altera- 
tion  from   this   caufe.     Among   thefe,    the 
mineral   acids,  the  metallic  calces,  vegeta- 
ble powders,  and   volatile   animal   oils,  are 
moft  Angularly  changed.     Metallic  calces, 
in  general,  efpecially  thofe  of  mercury,   be- 
come of  a  deeper    colour,  by  expofure   to 
vthe   fun  ;    as    may    be    £cqti    by    obferving 
painters    colours    preferved    in    powder    in 
the  (hops.  *     The   mineral    acids,    by   the 
fame   tre^ment,    become  more  volatile  and 
fuming.     Metallic    falts    grow  black,    and 
animal   oils   take    an   obfcure    brown.     All 
thefe  changes   deferve  the  greateft  attention 
of  chemifls,    though    they    have    not    hi- 
therto been  ftri&ly  inquired  into.    Scheele 

*  It  has  been  remarked,  however,  that  the  parts  of  a 
room  painted  with  white  lead  and  oil,  which  are  defended 
from  the  light  by  furniture,  or  by  keeping  the  windows 
clofed,  become  of  a  darker  colour  than  the  reft  ;  and  that 
the  action  of  light  permitted  to  fall  on  fuch  obfcure  parts 
of  the  furface,  in  fome  meafure  reftores  the  original  colour 
or  white nefs,    T.  , 

is 
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is  the  only  chemift  who  has  described  fome 
of  them;  and  we  propofe  to  return  again 
to  this  fubjecl:  in  the  following  parts  of  our 
work. 


§  2.     Concerning  heat.  * 

The  difficulties  that  attend   the   inquiry 
concerning  heat  are  much  more  numerous 

than 

*  The  importance  of  the  theory  of  heat  in  chemical 
inquiries  has  induced  the  tranflator  to  give  a  more  ftrict 
and  lefs  difcurfive  view  of  the  fubject  than  is  exhibited  in 
the  text. 

i .  Temperature  is  the  ftate  by  which  a  body  poffeffes 
the  power  of  exciting  the  undefinable  fenfations  of  heat  or 
coldnefs. 

2.  The  word  heat  is  ufed  as  a  term  to  denote  the  caufe 
of  that  ftate. 

It  is  to  be  observed,  that  the  words  temperature  and  heat 
are  here  taken  in  the  moft  extended  fenfe.  The  organs  of 
the  human  frame  are  not  only  imperfect  when  applied  to 
meafure  the  temperatures  of  bodies,  but  likewife  exceed- 
ingly limited  in  this  as  well  as  in  every  other  cafe.  Tem- 
perature is  therefore  ufed  to  denote  every  degree  of  heat  or 
coldnefs,  whether  within  the  limits  of  perception  or  not, 
and  is  appreciated  by  the  obfervation  of  its  effects  on 
bodies. 

Heat,  confidered  as  the  caufe  of  temperature  and  of  other 
effects,  is  fubjecl:  to  variation.  It  is  therefore  an  object:  of 
mathematical  inquiry,  as  poffeffing  quantity,  either  abfo- 
lutely,  or  in  the  fame  fenfe  as  various  attributes,  fuch  as 
ratios  or  motion,  are  faid  to  poffefs  it.  But  it  is  no  part  of 
this  inquiry,  whether  heat  be  motion  or  matter.  Perfpi- 
cuity  requires  that  thefe  objects  fhould  be  feparately  attend- 
ed to, 

3,  Bodies 
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than  thofe  relating  to  light.     It  has  not  yet 
been  proved  by  any  phenomenon,  that  heat  is 

a  felf- 

3.  Bodies  in  contact,  or  communicating  with  each  other, 
do,  after  a  length  of  time,  aflume  or  acquire  one  common 
temperature. 

4.  The  time  of  acquiring  the  common  temperature  is 
different  in  different  bodies.  A  body,  which  quickly  alters 
its  temperature  by  communication,  is  faid  to  be  a  better 
conductor  of  heat  than  fuch  as  alter  more  flowly. 

5.  When  the  temperature  of  a  given  folid  is  increafed, 
there  is  a  certain  period  at  which  it  becomes  fluid,  and  as 
the  temperature  is  increafed  beyond  this  laft  point,  the  fluid 
takes  a  rare  and  elaftic  form  with  more  or  lefs  rapidity, 
forming  vapour.  Whether  an  increafe  of  temperature 
would  convert  vapour  into  a  fourth  ftate,  namely,  that  of 
a  permanently  elaftic  fluid,  or  air,  has  not  been  decided ; 
but  it  is  probable. 

The  temperatures  at  which  different  bodies  affume  the 
fluid  or  vaporous  ftates  are  exceedingly  various.  Some 
bodies,  as  for  example,  mercury,  are  not  frozen  but  by  ex- 
treme cold :  others,  as  rock  cryftal,  cannot  be  melted,  but 
by  the  moft  vehement  heat  modern  chemiftry  can  excite  : 
others  again  cannot  be  brought  into  fome  of  the  ftates  ; 
and  of  thefe  the  rule  is  inferred  from  analogy,  till  future 
experiments  may  tend  to  clear  up  the  matter 

6.  Univerfally  the  effects  of  an  increafed  temperature  are 
either  ( 1 )  conversion  of  the -whole  body  into  fluid  or  vapour ; 
or  (2)  decompofition,  by  one  or  more  of  the  chemical  prin- 
ciples of  the  body  being  melted  or  volatilized;  or  (3) 
without  change  of  ftate  or  compofition,  an  increafe  of  the 
dimenfions,  which  lafts  no  longer  than  while  the  increafed 
temperature  remains. 

7.  Axiom  1.  The  quantities  of  heat  in  two  equal 
bodies  of  the  fame  kind  and  temperature  are  equal. 

8.  Theorem  1.  The  quantities  of  heat  in  bodies  of  the 
fame  kind  and  temperature  are  as  their  maffes. 

9.  Theorem  2.  Two  equal  bodies  of  the  fame  kind, 
but  different  temperatures,  being  brought  into  contact ; 
the   hotter  will  impart  half  its  furplus  of  heat  to  the  other. 

For 


110  HEAT. 

a  felf-exiftent,  a  feparate  fubftance;  and  many 
eminent    philofophers   have    embraced    the 

opinion 

For  (by  3)  they  will  acquire  a  common  temperature  by 
contact,  and  by  that  means  (7),  the  quantities  of  heat 
will  be  made  equal.  This  can  only  be  effected  by  the  hot- 
ter body  imparting  half  its  furplus. 

10*  Theorem  3.  Two  bodies  of  the  fame  kind,  but  dif- 
ferent temperatures,  being  brought  into  contact ;  the  fur- 
plus  of  heat,  by  means  of  which  the  one  exceeded  the  other 
in  temperature,  will  be  divided  between  the  two  bodies  in 
proportion  to  their  maffes. 

For  (3)  they  will  acquire  a  common  temperature,  and 
the  whole  quantity  of  heat  in  each  will  then  (8)  be  in 
proportion  to  its  mafs.  This  can  only  be  effected  by  di- 
viding the  furplus  in  the  fame  proportion. 

11.  Corollary  1.  The  quantities  of  heat  required  to  be 
added  to  or  taken  from  bodies  of  the  fame  kind  to  bring 
their  temperature  to  a  given  ftandard  will  be  as  their 
maffes. 

12.  Corollary  2.  Hence  a  thermometer,  with  a  very  fmall 
bulb,  may  be  confidered  as  poffeffing  the  temperature  of  the 
body  it  is  in  contact  with,  becaufe  the  common  tempera- 
ture will  not  fenfibly  differ  therefrom  when  the  body  is  of 
confiderable  magnitude. 

13.  The  mercurial  thermometer  nearly  meafures  the  true 
increments  of  temperature. 

This  is  determined  by  experiment  (by  De  Luc).  Let 
a  thermometer  be  graduated  fo  as  to  fhew  the  equal  incre- 
ments (6)  of  the  expanfionof  the  mercury;  and  the  com- 
mon temperature  of  two  equal  bodies  of  the  fame  kind  in 
contact  (as  for  example,  meafures  of  water)  will  be  nearly 
the  arithmetic  mean  between  the  two  original  temperatures, 
as  fhewn  by  fuch  an  inftrument.  The  initrument  therefore 
gives  refults  nearly  agreeing  with  deductions  (9)  made 
from  the  general  phenomena  of  heat,  or  it  nearly  meafures 
the  true  increments  of  temperature. 

14.  Axiom  2.  If  two  equal  maffes  at  different  tempe- 
ratures be  brought  into  contact,  and  the  common  tempera- 
ture be  either  higher  or  lower  than  the  arithmetical  mean 

(9),  the 
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opinion  of  Bacon,  that  it  is  nothing  more 
than  a  modification,  of  which  bodies  are  fuf- 

ceptible. 

(9),  the  furplus  of  heat,  by  means  whereof  the  one  exceeded 
the  other  in  temperature  will  be  unequally  divided  ;  and  the 
difpofition  to  be  heated,  or  the  capacity  or  affinity  for  heat, 
is  greater  in  one  body  than  in  the  other. 

15.  Theorem  4.  The  capacity  of  equal  mafTes  for  heat 
are  inverfely,  as  the  changes  of  temperature  they  undergo, 
when  differently  heated  and  brought  into  contact.  And  the 
contrary. 

For  the  furplus  of  heat  is  divided  into  equal  parts  by  the 
thermometer  :  of  thefe  parts,  the  hotter  body  lofes  a  cer- 
tain number  by  communication  to  the  colder,  and  retains 
the  remainder.  The  number  of  degrees  loft  conftitutes  the 
change  of  temperature  in  the  hotter,  and  the  remainder  is  the 
change  in  the  colder.  But  caufes  are  ever  proportional  to 
their  effects  :  therefore  the  capacities  are  as  the  proportions 
of  heat  retained  by  each  \  that  is,  inverfely  as  the  changes 
of  temperature. 

16.  Corollary  1.  Hence  if  any  given  body,  as  for  ex- 
ample, fluid  water,  be  affumed  as  a  ftandard,  the  capacities 
of  other  bodies  being  experimentally  found,  may  be  ranged 
numerically,  fo  as  to  form  an  ufeful  table. 

17.  Corollary  2.  The  quantities  of  heat  required  to  be 
added  to  or  taken  from  bodies  of  equal  mafs,  to  bring  their 
temperature  to  a  given  ftandard,  will  be  as  their  capacities. 

18.  Corollary  3.  The  quantities  of  heat  required  to  be 
added  to  or  taken  from  bodies  in  general,  to  bring  their 
temperature  to  a  given  ftandard,  will  be  as  their  mafTes  (11), 
and  their  capacities  jointly. 

19.  Corollary  4.  The  capacities,  in  general,  v/ill  be 
directly  as  the  quantities  of  heat  fo  taken,  and  inverfely  as 
the  mafTes  ;  or  they  will  be  in  the  inverfe  ratio  of  the 
changes  of  temperature,  and  the  mafTes  of  two  bodies 
placed  in  contact.  This,  in  the  form  of  a  practical  rule,  is, 
multiply  the  weight  of  each  body  by  the  number  of  degrees 
between  its  original  and  the  common  temperature,  and  the 
capacities  of  the  bodies  for  heat  will  be  inverfely  as  the  pro- 
ducts. 

20.  Theo- 
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ceptible.     It  is  certain  that  philofophers,  as 
well   as    the  common  rank   of  men,    have 

always 

20.  Theorem  5.  The  whole  quantities  of  heat  con- 
tained in  bodies  of  equal  mafs  and  temperature  are  as  their 
capacities. 

For  if  the  temperatures  of  various  bodies  be  fuppofed 
gradually  and  equally  to  diminifh  till  the  abfolute  privation 
of  heat  be  obtained,  the  quantity  of  heat  given  out  in  any 
portion  of  the  time  (17)  will  be  proportional  in  each  body 
to  its  capacity.  And  the  whole  time  being  made  up  of  fuch 
portions,  the  refpe&ive  fums  of  the  quantities  of  heat  given 
out  by  each  body  will  be  in  the  fame  ratio. 

It  is  the  bufinefs  of  experiment  to  determine  whether 
the  ratios  of  the  capacities  be  the  fame  in  all  temperatures, 
caeteris  manentibus. 

21.  Scholium.  From  the  foregoing  theorem,  many 
writers  have  called  a  table  of  capacities  by  the  name  of  a 
table  of  fpecific  heats.  Thefe  terms,  which  feem  improper, 
or  at  leaft  unhappy,  becaufe  applied  to  quantities  that  con- 
tinuallv  fluctuate,  have  certainly  rendered  the  theory  of 
heat  lefs  eafy  to  beginners. 

22.  As  far  as  experiments  have  hitherto  been  made,  it  is 
found  that  the  capacity  of  a  given  body  for  heat  is  leaft 
when  folid,  greater  in  the  fluid  ftate,  and  greateft  in  the 
vaporous  ftate. 

Thus  for  example,  ice  and  water  being  expofed  in  equal 
quantities  to  fimilar  heating  matters,  as  before  a  fire,  the 
ice  will  be  melted  without  increafe  of  temperature,  while 
the  water  acquires  162  degrees  of  Fahrenheit's  thermometer. 
Or  equal  parts  of  water  at  162,  and  ice  at  320  being  mixed, 
the  ice  will  melt,  and  the  whole,  inftead  of  the  mean 
temperature,  will  remain  at  320.  In  either  cafe  the  ice  re- 
quires 1 300  of  heat,  which  produces  no  other  effecl:  than 
rendering  it  fluid,  and  is  not  fhewn  by  the  thermometer. 
So  likewife  the  condenfation  of  fleam,  though  little  if  at 
all  hotter  than  boiling  water,  communicates  much  more 
heat  to  a  refrigeratory  than  the  fame  quantity  of  water 
equally  hot,  and  therefore  it  contained  more  heat.  The 
quantity  of  heat  which  conftitutes  the  difference  between 

the 
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always  fuppofed  heat  to  indicate  the  prefence 
of  fire,  and  have  fometimes  taken  it  for  the 

element 

the  feveral  ftates  of  the  body,  has  been  improperly  called 
latent  heat. 

-  23.  Problem.  The  ratio  of  the  capacities  of  the  fame 
bodv  in  the  folid,  and  the  fluid  ftates,  and  alfo  the  number 
of  degrees  the  fluid  would  increafe  in  temperature  by  the 
heat  which  would  fimply  melt  the  folid,  being  given  ;  it  is 
required  to  determine  the  number  of  degrees  of  the  fame 
thermometer  between  the  natural  zero,  or  abfolute  privation 
of  heat,  and  the  temperature  of  the  folid  juft  melting. 

The  whole  quantitv  of  heat  in  the  folid  when  juft  melt- 
ing, will  be  denoted  by  the  number  of  degrees  of  its  tem- 
perature from  the  natural  zero  :  and  the  whole  quantity  of 
heat  in  the  fluid  will  be  denoted  by  the  fame  number  added 
to  the  number  of  degrees  the  temperature  of  the  folid 
would  have  been  raifed  by  the  heat  applied  to  melt  it,  if  its 
capacity  had  not  been  changed  by  melting.  This  laft 
number  confifts  of  the  obferved  increafe  of  temperature  in 
the  fluid  augmented  in  the  inverfe  ratio  of  the  capacities 
(15).  Now  the  capacities  of  the  folid  and  fluid  being  as 
their  whole  quantities  of  heat  (20),  it  will  follow  that 
The  difference  between  the  numbers  exprefling  the 

capacities, 
Is  to  the  number  exprefling  the  capacity  of  the  folid ; 
As  the  difference  between  their  refpe&ive  quantities  of 

heat,  in  thermometrical  degrees  of  the  folid, 
Is   to  the  number  of   degrees  exprefling  its  whole 
quantity  of  heat,  or  its  temperature  from  the  natu- 
ral zero. 
This,  in  the  form  of  a  practical  rule,  is,  multiply  the 
number  exprefling  the  capacity  of  the  fluid  into  the  number 
of  degrees  the  fluid  would   have   increafed  in  temperature 
by  heat,  fuflicient  to  melt  the  folid  ;  divide  this  product  by 
the  difference  between  the  numbers  exprefling  the  capaci- 
ties, the  quotient  will  be  the  number  of  degrees  of  tem- 
perature from  the  natural  zero. 

This  problem  is  Dr.  Irwine'?,  of  Glafeow. 

Vol.  I.  H  From 
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clement  itfelf,  and  on  other  occafions  for  one 
of  its  characters. 

Its 

From  experiment,  it  appears,  that  the  natural  Zero  is 
1268  degrees  of  Fahrenheit's  fcale  below  o  or  1300  degrees 
below  the  freezing  point  of  water. 

24.  Corollary.  The  difference  between  the  zero  of  any 
fcale,  and  the  natural  zero,  being  once  determined  from 
experiment,  it  will  be  eafy  in  all-  cafes,  where  any  two  of 
the  three  quantities,  the  capacity  of  the  fluid,  the  capacity 
of  the  folid,  and  the  number  of  degrees  the  fluid  would  be 
raifed  by  heat  fufficient  to  melt  the  folid,  are  given  to  find 
the  third. 

25.  The  foregoing  theory  of  heat  may  be  applied  to  explain 
all  the  changes  of  temperature  in  bodies  from  the  utmoft 
violence  of  ignition  to  the  moft  intenfe  cold.  For  when- 
ever by  condenfation  or  freezing,  or  by  a  change  in  the  che- 
mical combinations  of  bodies  the  capacities  are  diminished, 
a  part  of  the  heat  contained  will  (15)  be  applied  in  raifing 
the  temperature.  And  on  the  contrary,  cold  will  be  pro- 
duced whenever  bodies  are  melted,  or  evaporated,  or  any 
chemical  procefs  goes  forward,  by  which  the  capacities  are 
increafed. 

26.  The  grand  queftion,  whether  heat  be  merely  a  vi- 
bration of  the  parts  of  bodies,  or  a  peculiar  fluid  is  not  de- 
cided. If  heat  be  merely  vibration,  it  will  be  fcarcely 
poffible  to  account  for  its  not  being  univerfally  communi- 
cated to  bodies  according  to  their  mafTes,  as  the  eftablifhed 
laws  of  motion  require ;  but  if  heat  be  a  peculiar  fluid, 
the  notion  of  a  greater  or  lefs  capacity  for  that  fluid,  whofe 
variations  of  denfity  will  be  the  caufe  of  change  of  tem- 
perature, will  very  naturally  account  for  the  different 
quantities  required  to  be  imbibed  or  given  out  by  bodies  of 
equal  weight,  before  a  like  denfity  or  temperature  can  be 
produced  in  all.  Neither  will  it  be  at  all  difficult,  accord- 
ing to  this  hypothefis,  to  give  very  probable  accounts  of 
what  happens  when  bodies  change  their  ftates  of  folidity, 
fluidity,  or  vapour. 

27.  The  various  theories  reflecting  heat,  confidered  as 
matter,  and  a  component  part  of  bodies,  are  not  fufficiently 

grounded 


HEAT*  115 

Its  leading  properties  are  to  penetrate  all 
bodies,  to  diffufe  itfelf  unfformly,  fo  as  to 
tend  to  an  equilibrium,  to  dilate  the  feveral 
fubftances  it  penetrates,  and,  laftly,  to  caufe 
them  to  affume  the  ftate  of  fluidity,  and  af- 
terwards that  of  vapour. 

Bodies  become  heated  in  general  in  three 
manners,  either  by  the  contad:  of  another 
heated  fubftance,  or  by  motion,  or  by  the 
act  of  combination.  Every  one  muft  have 
obferved,  that  in  mixing  two  fimilar  fluids, 
the  one  fenfibly  hot,  and  the  other  cold,  the 
former  lofes  part  of  its  heat  by  communica- 
tion to  the  fecond,  and  the  temperature  be- 
comes equal  in  each ;  and  the  fame  is  true  of 
folid  bodies  that  have  remained  a  fufficient 
time  in  contadt.  The  developement  of  heat 
by  means  of  motion  is  equally  well  known. 
Two  hard  ftones,  or  pieces  of  wood,  or  ivory, 
or  metallic  matters  ftrongly  rubbed  or 
ftruck  together,  produce  a  degree  of  heat, 
that  in  many  cafes  proceeds  even  to  ignition. 

grounded  on  decifive  fa£te  to  admit  of  a  curfory  difcuffion 
in  this  place,  or  indeed  to  be  ranked  with  the  eltabliihed 
doctrines  collected  and  arranged  in  this  prefent  note, 
though  it  muft  be  allowed  that  feveral  of  them  do  honour 
to  the  genius  and  abilities  of  their  inventors.  Dr.  Black 
of  Edinburgh,  ProfefTor  Wilcke  of  Stockholm,  Dr.  Irwine 
of  Glafgow,  Dr.  Crawford  of  London,  are  among  the 
leading  names  of  philofophers  who  invented  and  illuftrated 
this  excellent  theory  here  explained  ;  and  it  is  fincerely  to 
be  wifhed,  that  fome  cotemporary  writer  would  fettle  their 
refpective  claims  before  the  lapfe  of  time  fhall  have  render- 
ed it  difficult.     T. 
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And  the  production  of  heat  by  the  a&  of 
combination  is  evidently  feen  in  the  union  of 
concentrated  acids  with  water,  quick-lime, 
pure  alkalis,  metals:  and  inflammation  fol- 
lows on  the  mixture  of  certain  fluids,  as  the 
nitrous  acid  and  oils. 

The  laws  of  the  communication  of  heat 
between  bodies  were  thought  to  be  analo- 
gous to  thofe  of  motion,  till  the  labours  of 
Merits.  *  Wilcke  of  Stockholm,  Irwine  of 
Glafgow,  Crawford  and  Kirwan  of  London, 
Lavo  fier  and  De  la  Place  of  Paris,  fhewed  that 
nothing  is  lefs  known  or  more  difficult  to  be 
known  than  the  progreffion  and  communica- 
tion of  heat  in  the  fyftems  of  bodies  of  une- 
qual temperature.  The  very  ingenious  ex- 
periments of  thefe  philofophers  are  not  yet 
fufficiently  numerous,  and  they  themfelves 
depend  too  little  on  their  general  refults  to 
admit  of  their  being  regarded  as  part  of  the 
elements  of  chemical  fcience.  It  is,  how- 
ever, very  probable  that  they  will  lead  the 
way  to  the  eftablifhment  of  a  general  theory 
of  heat,  applicable  to  all  the  phenomena  of 
chemiflry,  in  every  one  of  which  it  is  con- 
cerned, either  as  being  abforbed  ordifengaged. 

The  mofl  accurate  experiments  have  not 
yet  produced  any  decifive  principles  reflect- 
ing the  nature  of  heat,  and  chemifts,  as  well 
as  the  philofophers  in  other  branches  of  na- 

*  Dr.  Black  of  Edinburgh  is  indubitably  the  father  of 
the  modern  doctrine  of  heat.     T. 
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tural  fcience  are  divided  in  their  opinions  con- 
cerningit.  Some  with  Lord  Chancellor  Bacon, 
think  that  heat  is  nothing  elfe  but  a  modifi- 
cation of  which  all  bodies  are  fufceptible, 
jiot  exifting  independent  of  bodies,  but  con- 
fining merely  in  the  ofcillation  of  their  par- 
ticles. Such  was  the  opinion  of  the  late  Mr. 
Macquer.  This  fet  of  philofophers  ground 
their  opinion  on  the  following  facts  :  Heat 
follows  motion  in  all  its  phenomena,  and 
appears  to  obey  the  fame  laws  ;  it  conftantly 
accompanies  motion  increaling  and  diminish- 
ing in  the  fame  proportion.  If  we  except 
the  differences  it  prefents  in  its  communi- 
cation or  paffage  from  one  body  to  another, 
which  do  not  appear  reconcileable  with  that 
of  motion,  the  analogy  between  both  is 
ftriking  in  all  its  other  properties.  That  this 
hypothefis  may  be  the  more  readily  admitted, 
it  is  obferved,  that  bodies  even  of  the  great- 
eft  denfity  have  a  great  number  of  cavities  or 
pores,  whofe  dimenfions  may  exceed  that  of 
the  real  matter  of  which  the  body  in  ques- 
tion is  compofed.  Thefe  void  fpaces  permit 
the  particles  to  move  with  refpect  to  each 
other,  and  to  ofcillate  in  every  direction, 
Thefe  ofcillations  efcape  our  fenfes,  for  the 
fame  reafon  as  the  parts  and  powers  them- 
felves  do,  namely,  their  minutenefs.  And, 
laftly,  thefe  philofophers  take  notice  that  the 
contrary  opinion  of  heat,  being  matter,  has 
never  been  proved   either  from   its    being 
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fhewn  to  have  gravity,   or  from  the  other 
properties  afcribed  to  it. 

Many  other  philofophers,  and  fome  che- 
mifts,  on  the  contrary,  believe  that  heat  is 
a  peculiar  fluid,  exifting  in  bodies,  all 
which  it  penetrates  with  greater  or  lefs  faci- 
lity. They  diftinguifti  this  fluid  in  two 
ftates,  in  combination  or  at  liberty :  the 
former  is  not  fenfible  to  our  organs,  nor  in- 
dicated by  the  thermometer.  It  is  in  a  ftate 
of  repofe  in  bodies,  conftituting  one  of  their 
principles.  It  is  often  difengaged  in  de- 
compofitions,  and  then  pafles  to  the  ftate  of 
heat  at  liberty,  becoming  fenfible  by  its 
action  on  the  thermometer,  and  on  other 
bodies.*    They  are  of  opinion,  that  there  is 

always 

*  There  are  two  opinions  concerning  the  change  which 
temperature  bodies  undergo  when  they  change  their  ftate 
or  their  mode  of  combination :  by  fuch  changes  it  is  found 
that  heat  is  either  abforbed  or  given  out ;  or  to  fpeak  more 
unexcej  tionably,  the  alterations  of  temperature  are  either 
lefs  or  greater  than  would  have  been  inferred  from  general 
reafoning.  Some  philofophers  fay,  that  the  capacities  of  the 
bodies  are  changed,  and  therefore  require  more  or  lefs  heat 
to  cccafion  fimilar  mutations  of  temperature  than  they  did 
before  (fee  our  note  on  p.  112);  others  affirm,  that  the 
heat  which  difappears  or  appears  has  no  relation  to  the 
capacity,  but  is  either  received  in  combination,  as  a  prin- 
ciple of  bodies,  or  given  out  as  fuch.  Thefe  pofitions  are 
not  matter  of  opinion,  but  relate  to  facts,  about  which 
philofophers  will  acquire  more  knowledge  by  experiment 
than  by  reafoning.  If  the  natural  zero  be  determined 
truly  by  Dr.  Irwine's  theorem,  (note  on  p.  113)  and  the 
capacities  of  various  bodies  in  their  ftates  of  folidity  and 
fluidity,  be  found  from  direct  experiment,  the  corollary  to 

that 
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always  a  certain  quantity  of  heat  at  liberty 
in  the  atmofphere,  and  that  it  is  this  laft, 
which,  being  abforbed  in  many  chemical 
operations,  produces  the  increafe  of  tem- 
perature we  obferve  on  fuch  occafions. 
As  all  bodies  that  pafs  from  the  folid  to  the 
fluid  ftate,  and  from  this  laft  into  the  ftate 
of  vapour,  produce  cold  in  the  furrounding 
bodies,  they  fufpect  that  there  is  a  great 
quantity  of  the  matter  of  heat  abforbed  by 
thefe  bodies  ;  and  that  when,  on  the  con- 
trary, fluid  fubftances  become  concrete,  and 
produce  heat,  this  laft  is  difengaged  from 
the  fubftance  that  contained  it,  and  has 
parTed  from  a  ftate  of  combination  to  a  flate 
of  liberty. 

Mr.  Scheele,  who,  as  well  as  Mr.  Bergman, 
is  perfuaded  that  heat  is  a  felf-exiftent  body, 
has,  with  great  care,  examined  the  pheno- 
mena it  prefents  as  a  chemical  agent,  capa- 
ble of  entering  into  combinations.  He  has 
even  thought  himfelf  justifiable  in  conclud- 
ing, from  his  experiments,  that  it  is  com- 
pofed  of  pure  air,  which  he  calls  empyreal 
air,  and  phlogifton  -,  and  that  it  differs  from 

that  theorem  will  give  the  number  of  degrees  the  fluid 
would  be  raifed  by  heat  that  would  fimply  melt  the  folid. 
If  this  deduction  mould  be  found  in  all  cafes  to  agree  with 
the  facts,  the  former  opinion  is  true ;  but  if  not,  there  is  a 
portion  of  heat  not  accounted  for,  which,  if  heat  be  matter, 
may  probably  be  a  principle  of  bodies.  Fiant  experi- 
menta.    T. 
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light  only  in  the  relative  quantity  of  this 
latter  principle.  But,  however  ingenious 
and  true  the  refults  of  the  experimental  in- 
quiry he  has  entered  into  may  be,  his  in- 
ductions concerning  the  nature  and  princi- 
ples of  heat,  do  not  feem,  in  our  opinion, 
to  follow  naturally,  nor  prevent  our  conti- 
nuing to  think  that  the  analyfis  of  heat  is 
not  yet  accomplimed.* 

Laftly,  Meffrs.  Lavoifier  and  De  la  Place 
feem  to  fufpect  that  both  hypothefes  are  true, 
and  take  place  at  the  fame  time,  that  is  to 
fay,  that  heat  confifts  in  the  exiftence  of  a 
peculiar  fluid,  and  in  the  inteftine  ofcillations 
of  the  parts  of  bodies  excited  by  its  pre- 
fence. 

Whatever  may  be  the  nature  of  heat,  the 
phenomena  it  prefents  in  chemical  combi- 
nations and  decompofitions,  are  not  the  lefs 
certain,    nor   the  lefs    deferving   our   moil 

*  Our  remarks  on  the  labours  of  Mr.  Scheele,  are  not 
in  confequence  of  any  want  of  efteem  and  refpecl:  for  this 
learned  chemift,  who  ftands  in  the  firft  rank  among  the 
improvers  of  the  fcience.  After  having  reflected  and  con- 
fidered,  with  great  attention,  his  treatife  on  air  and  fire, 
tranflated  by  the  learned  M.  de  Dieterich,  Paris,  1 781, 
we  think  that  the  new  confequences  he  has  drawn  are  not 
warranted  by  the  facts,  becaufe  he  does  not  feem  to  have 
paid  attention  to  the  dephlogifticated  air,  fhewn  to  exift  in 
acids  and  metallic  calces,  the  prefence  of  which  is  fufficient 
to  explain  all  the  phenomena  which  he  attributes  to  the 
pafTage  of  heat,  through  the  vefTels,  and  the  decompofitioq 
that  takes  place  during  this  filtration.  To  underftand  thefe 
phenomena,  our  chapters  on  air,  combuftion,  acids,  me- 
tallic fubftances,  &c.  muil  be  read.     Note  of  the  author. 
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careful  attention.  A  great  number  of  facts 
have  eftablifhed  it  as  a  certainty,  that  this 
body  or  modification  is  unalterable  in  itfelf, 
and  is  not  deftroyed  or  loft.  And  thefe  have 
induced  Meflrs.  Lavoifier  and  De  la  Place  to 
give  the  following  important  principle  as  an 
axiom  refpedting  the  appearance  or  difap- 
pearance  of  heat. 

"  If  in  any  combination  or  change  of 
"  ftate  whatfoever,  there  be  a  diminution 
M  of  free  heat,  this  heat  will  appear  again 
"  undiminished  when  the  fubftances  return 
"  to  their  firft  ftate ;  and  reciprocally,  if  in 
"  any  combination  or  change  of  ftate  there 
€C  be  an  augmentation  of  free  heat,  this 
<c  new  heat  will  difappear  during  the  return 
"  of  the  fubftances  to  their  original  ftate." 

In  rendering  this  principle  more  general, 
and  extending  it  to  all  the  phenomena  of 
heat,  they  have  ufed  the  following  mode  of 
expreflion:  "  All  variations  of  heat,  whether 
"  real  or  apparent,  which  are  experienced 
"  by  a  fyftem  of  bodies,  in  changing  their 
"  ftate,  will  be  re-produced  in  an  inverfe 
"  order,  when  the  fyftem  paffes  again  to  its 
"  firft  ftate." 

To  meafure  the  quantity  of  heat  abforbed 
or  difengaged  in  the  different  chemical  phe- 
nomena, being  an  operation  which,  after 
what  has  been  faid,  muft  evidently  appear  to 
be  of  the  higheft  importance  ;  philosophers 
have  endeavoured  to  avail  themfelves  of 
means,  by  which  the  defeats  of  thermome- 
ters 
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ters  might  be  fupplied.  Mr.  Wilcke  propofed 
to  eftimate  the  quantity  of  heat  from  the 
quantity  of  fnow  to  be  melted  by  the  bodies 
under  examination ;  and  Meffrs.  Lavoifier 
and  De  la  Place  have  contrived  a  certain  and 
eafy  method  of  carrying  this  propofal  into 
practice.  It  confifts  of  a  vefTel  furrounded 
with  ice,  whofe  interior  part  can  only  be 
melted  by  the  heat  communicated  or  extri- 
cated from  the  fubftances  inclofed  therein ; 
and  this  heat  being  determined  by  the 
quantity  of  water  *  carefully  collected,  will 
ferve,  according  to  circumftances,  to  mew 
either  the  fpecific  heats  of  bodies,  or  the 
quantity  of  heat  difengaged  or  even  abforb- 
ed.  The  inventors  have  gone  fo  far  as  to 
apply  it,  with  fuccefs,  in  the  determina- 
tion of  the  heat  difengaged  in  combuftion 
or  refpiration.  The  brevity  we  propofe  to 
adhere  to  in  this  work,  and  the  long  detail 
it  would  require  to  give  a  proper  account  of 
the  ingenious  inftrument  contrived  by  thefe 
learned  academicians,  and  the  methods  of 
ufing  it,  oblige  us  to  refer  the  reader  to 
their  own  work,  -f 

*  From  fome  attempts  made  by  the  ingenious  Mr. 
Wedgwood  to  avail  himfelf  of  this  inftrument,  it  feems  that 
the  capillary  attraction  of  the  pounded  ice,  retaining  a  por- 
tion of  the  water  that  mould  flow  out,  and  fome  unex- 
plained circumstances,  where  the  vapour  raifed  by  bodies, 
at  very  high  temperatures  was  found  to  freeze  again,  in- 
ftead  of  paffing  out  in  the  form  of  water,  are  impediments 
to  its  ufe.     See  the  Philof.  Tranfac~tions.    T. 

f  See  the  Memoirs  of  the  Royal  Academy  of  Sciences 
for  their  Memoir,  read  June  28,  1783. 
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We  mall  conclude  this  fection,  by  con- 
sidering in  what  cafes  heat  and  light  refem- 
ble  each  other,  and  the  chief  differences  that 
appear  to  fubfift  between  them.  It  is  not 
to  be  concluded,  that  heat  and  light  are  the 
fame  thing,  becaufe  the  rays  of  the  fun  heat 
fuch  bodies  as  they  fall  on  ;  for  there  are 
many  cafes  on  the  contrary,  wherein  there 
is  much  light  without  heat,  as  well  as 
others  where  the  heat  is  confiderable,  though 
no  light  appears.  In  fad:,  the  phofphorus, 
diamond,  rotten  wood,  animal  matters  in 
putrefaction,  mining  infects  and  worms, 
the  rays  of  the  moon  reflected  and  concen- 
trated by  metallic  mirrors,  or  by  lenfes, 
prefent  a  ftrong  *  light  without  feniible 
heat,  and  all  natural  bodies  may  be  ftrongly 
heated  without  becoming  luminous. 

The  folar  rays  feem  to  produce  heat  merely 
by  their  impulfe  on  bodies,  and  the  friction 
they  fuffer  from  fuch  as  interrupt  their  paf-- 
fage.  Opake  bodies,  of  a  red  colour,  and  par- 
ticularly when  of  a  black  colour,  are  found  to 
be  more  quickly  and  ftrongly  heated  than 
white  and  polifhed  bodies;  an  effect  .doubt- 
lefs    ariiing  from    the  more   numerous   de- 

*  All  thefe  and  other  lights  that  do  not  produce  heat, 
are  prodigiouily  weak,  when  compared  with  the  direct 
light  of  the  fun.  The  molt  concentrated  moon-light,  in 
the  focus  of  a  mirror,  is  not  more  than  the  300th  part  of 
the  intenfity  of  common  fun-fhine.  Heat  cannot  therefore 
be  expecled.  See  Traite  d'Optique  par  Bouguer,  quoted 
by  Prieftley,  in  his  Optics,  p.  546.     T. 
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fledtions  the  abforbed  ray  fuffers  before  its 
motion  is  deftroyed,  and  perhaps  from  its 
combining  with  fuch  bodies,  while  white 
bodies  refledtit  almoft  totally. 

As  to  the  production  of  light  by  a  ftrong 
and  continued  heat,  as  is  obferved  in  the 
combuftion  of  oils,  fats,  wood,  the  ignition 
of  metals  and  ftones,  it  depends  on  caufes 
that  by  no  means  imply  an  identity  between 
light  and  heat.  When  combuftible  bodies 
are  ftrongly  heated,  they  produce  that  flame 
which  fupplies  the  abfence  of  the  fun,  and 
produces  fimilar  efFedts.  But  this  light,  the 
produdt  of  inflammation,  may  be  contained 
either  in  the  air,  whofe  prefence  is  neceflary 
for  combuftion,  or  in  the  combuftible  body, 
and  no  fedt  afcertains  that  it  is  heat  which 
is  changed  into  light.  The  incalefcence 
of  incombuftible  bodies,  in  which  we  can- 
not admit  the  prefence  of  combined  light, 
at  leaft  not  in  the  fame  ftate  as  in  combuftible 
bodies,  has  been  explained  in  a  very  inge- 
nious manner  by  Macquer,  in  the  article 
Fire,  in  his  valuable  dictionary.  It  arifes 
from  the  ftrong  vibrations  excited  in  the 
particles  of  thefe  bodies  by  heat.  Thefe  vi- 
brations difpofe  the  particles  in  fuch  a  man- 
ner that  their  facets  being  continually  agita- 
ted have  the  effedt  of  a  number  of  fmaU 
mirrors,  which  refledt,  and  throw  diredtly  to 
our  eyes    the    light   which   exifts    in    the 

air 
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air  *  in  the  night  as  well  as  in  the  day,  and 
do  not  produce  darknefs,  but  when  their 
directions  are  not  towards  the  organs  of 
fight. 

This  comparifon  of  the  effeCts  of  light 
and  heat,  leaves  us  therefore  in  the  fame 
uncertainty  concerning  the  exiftence  of  the 
latter,  and  even  gives  additional  force  to  the 
hypothefis  of  Bacon. 

We  have  no  certainty  refpeCting  heat,  but 
the  bare  fads.  The  impreffions  of  pleafure 
or  pain  produced  on  animals,  the  dilation  of 
all  bodies,  and  the  confequent  diminution 
of  fpecific  gravity,  its  conftant  production 
by  friftion  and  collifion,  its  refemblance  to 
motion,  its  tendency  to  equilibrium,  its  pro- 
duction and  difappearance  in  analyfes  and 
combinations ;  and,  laftly,  its  more  or  lefs 
rapid  paffage  or  tranfition  from  one  body 
to  another ;  thefe  are  the  principal  pheno- 
mena with  which  it  is  neceffary  to  be  well 
acquainted,  in  order  to  apply  heat  to  the 
beft  advantage  in  chemical  operations. 

*  The  author  has  given  Macquer's  opinion,  with  fidelity 
and  concifenefs ;  but  the  value  of  that  opinion  will  be  found 
to  be  very  fmall,  when  it  is  confidered  that  it  is  a  necefiary 
condition  that  his  fyftern  of  little  mirrors  mufl:  be  placed 
without  the  boundary  of  the  earth's  fhadow  before  they 
can  receive  or  reflect  the  light  which  exifts  in  the  air,  &c.  T. 
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§  III.     Concerning  Rarefaction. 

The  moft  remarkable  effect  attributed  to 
fire  by  philofophers,  and  which  is  certainly 
produced  by  heat,  is  rarefaction.  We  have 
already  remarked,  that  the  principal  effect 
of  heat  is  to  augment  the  volume  of  all  bo- 
dies, without  adding  to  their  weight.  This 
rarefaction  feems,  at  firft  confideration,  to 
imply  the  intromiffion  of  fome  fubftance  in- 
to the  pores  of  the  rarefied  body,  producing 
the  effecl;  of  a  wedge,  by  feparating  them. 
But  when  we  reflect,  that  a  body  rarefied 
by  heat,  has  acquired  no  weight,  and  that 
its  fpecific  gravity  is  lefs  than  in  its  ordi- 
nary temperature,  we  become  convinced 
that  the  pores  are  fimply  enlarged,  and  no- 
thing more. 

From  the  phenomena  of  the  relative  mo- 
tion, by  which  the  parts  of  bodies  are  re- 
moved from  each  other  by  heat,  it  is  clear 
that  this  power  acts  in  oppofition  to  that 
attraction  by  which  they  adhere  together. 
We  may  obferve  the  attraction  between  bo- 
dies in  three  *  different  ftates,  perhaps  not 
fufficiently  diftinguifhed  from  each  other  by 
philofophers.  The  firft  combined  with  an 
original  impulfe  retains  the  planets  in  their 
orbits,  and  may  be  called  planetary  attrac- 
tion. The  fecond,  or  terreftrial  attraction, 
is  the  caufe  of  the  property  we  call  weight. 

*  See  note  on  p.  43. 

And 
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And  the  third  is  that  by  which  the  parts  of 
bodies  adhere  together,  and  have  various 
fpeciiic  gravities,  according  to  its  intenfity. 
It  is  the  attraction  which  produces  aggrega- 
tion, and  which  heat  tends  to  deftroy ;  and 
by  diminishing  this,  it  produces  a  great 
number  of  effects,  combinations,  decompo- 
sitions, vegetation,  animalization,  &c. 

Boerhaave,  who  has  conlidered  the  effects 
of  fire  rather  as  a  philofopher  than  as  a  che- 
mift,  has  laid  down  three  rules,  or  laws, 
concerning  rarefaction  confidered  in  general, 
which  we  will  now  proceed  to  examine. 

law       I. 
All  Bodies  are  dilated  by  Heat.  || 

Though  it  be  true  in  general,  that  almofl 
every  body  in  nature  is  dilated  and  rarefied 
by  heat,  it  is  neceflary  to  make  fome  re- 
marks on  this  phenomenon.  In  the  firfl 
place,  all  mineral  fubftances  without  ex- 
ception, experience  a  dilatation,  which  is 
greater  the  more  intenfe  the  heat.  This 
rarefadtion  is  fuch  as  to  deftroy  the  aggrega- 
tion of  a  great  number  of  them.     But  if 

||  This  law  is  univerfal  in  bodies  fo  long  as  they  retain 
the  ftate  of  folidity,  fluidity,  or  vapour  they  happen  to  pof- 
fefs ;  and  have  fuffered  no  change  either  in  the  combina- 
tion or  quantity  of  their  chemical  principles.  If  the  rule  be 
taken  in  this  fenfe,  the  exceptions  of  our  author  will  not 
Hand.     T, 

this 
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this  law  be  applied  to  animal  and  vegetable 
matter,  it  is  fubject  to  fome  exceptions.  It 
is  true,  that  a  certain  degree  of  heat  dilates 
their  fibres,  feparating  them,  and  diminish- 
ing the  denfity  of  their  Structure  ;  but  a 
flronger  heat  fuddenly  applied,  produces  an 
oppofite  effect.  Every  one  knows  that  parch- 
ment, vegetable  and  animal  fibres,  and  wood 
itfelf,  Shrink  and  contract  when  quickly 
heated.  We  find  even  in  fome  mineral  fub- 
ftances  a  property  contrary  to  this  law.  Soft 
and  ductile  clays  are  condenfed  and  har- 
dened by  fire,  fo  as  to  lofe  much  of  their 
dimenfions,  and  at  the  farrie  time  are  fo 
hardened,  as  to  ftrike  fire  with  the  fteel. 

law       II. 

Bodies  rarefied  by  Heat,  have  all  their  Di- 
menfions enlarged. 

A  bar  of  iron  increafes  both  in  length  and 
thicknefs  when  heated.  Philofophers  have 
contrived  many  inftruments  to  exhibit  and 
meafure  this  effect  of  rarefaction.  The  py- 
rometer invented  by  Mufchenbrock,  ihews 
the  dilatation  of  heated  metallic  bars  to  the 
12,500  of  an  inch.  This  fenfibility  is  ob- 
tained by  the  motion  of  expanfion  being 
communicated  through  feveral  levers,  whofe 
arms  are  of  unequal  length ;  fo  that  the  ex- 
tremity of  the  laft  is  moved  through  a  fpace 

fufficiently 
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fufficiently  large  to  give  motion  to  a  wheel, 
which  carries  an  index  or  hand  round  a  gra- 
duated circular  plate,  and  {hews  the  minuted: 
changes  of  length  in  the  bar  under  exami- 
nation. But  as  this  inftrument  is  ufed  only 
to  fhew  the  expanfion  of  metallic  bars 
lengthwife,  philofophers  have  made  an  ex- 
periment with  a  cylinder  of  metal  fitted  to 
an  orifice  in  a  metallic  plate,  fo  as  juft  to 
pafs  through  it  when  cold,  and  they  find 
that  the  fame  cylinder,  when  heated,  could 
not  pafs.  It  is,  therefore,  eftablifhed,  that 
bodies  expand  by  heat  in  diameter  as  well  as 
in  length. 

This  phenomenon  is  well  known  to  che- 
mifts,  who  find  it  necelfary  to  leave  fufB- 
cient  room  in  the  iron  grates  they  place  in 
their  furnace,  which,  without  that  precau- 
tion, are  found  to  do  injury  by  their  expan- 
fion. 


LAW  III. 

The  Dilation  by  Heat  is  directly  as  the  Ra- 
rity, or  inversely  as  the  Denfity  of  Bodies. 

Boerhaave,  in  the  eftablifhment  of  this 
law,  compared  the  effect  of  heat  on  no  more 
than  three  folid  bodies,  and  thefe  very  different 
from  each  other,  namely,  wood,  ftone,  and 
metal.  He  found  that  the  rarefaction  of  the 
particles  of  thefe  bodies  followed  the  inverfe 
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ratio  of  their  denfity/and  from  thence  drew 
the  general  inference.  But  M.  BufFon,  in 
repeating  the  experiment  of  the  rarefaction 
of  a  great  variety  of  folid  bodies  by  heat, 
found  that  heat  dilates  them  in  proportion 
to  their  fufceptibility  of  alteration  by  fire. 
That  is  to  fay,  ftoncs  in  proportion  to  their 
calcinability,  and  metals  in  proportion  to 
their  fufibility.  Boerhaave  extended  this  law 
to  fluids,  on  no  better  ground  than  trials 
made  with  air,  fpirit  of  wine,  and  water, 
If  he  had  brought  mercury  into  the  compa- 
rifon,  he  would  not  have  generalized  his 
law;  for  though  much  more  denfer  than  ei- 
ther the  fpirit  or  the  water,  its  dilation  is 
greater.  This  experiment  proves,  that  nei- 
ther the  quicknefs  of  becoming  heated,  nor 
the  degree  of  expanlion,  is  governed  by  the 
inflammability,  or  by  the  fufibility  of  the 
matter  under  confideration.  Meffrs.  Bucquet 
and  Lavoifier,  who  have  made  a  long  courfe 
of  experiments  on  the  dilation  of  fluids  by 
heat  and  its  progrefs,  have  not  been  able  to 
difcover  the  caufe  of  the  Angular  diverfity 
they  have  obferved,  and  have  contented 
themfelves  with  defcribing  the  facts  without 
drawing  any  inferences. 

In  addition  to  the  laws  of  the  rarefaction 
which  heat  produces,  and  which  are  far 
from  being  yet  well  underftood,  it  is  effen- 
tial  to  know,  1.  That  all  bodies,  in  paffing 
from  the  folid  to  the  fluid  ftate,  or  from 
fluidity  to  vapour,  produce  cold,  as  falts  by 

folution 
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folution  in  water,  ether  by  evaporation,  &c. 
2.  That  fluids,  capable  of  becoming  con- 
crete, produce  heat  in  paffing  to  the  iblid 
ftate.  Thus  water,  which  freezes  by  being 
placed  in  a  freezing  mixture,  never  becomes 
£o  cold  as  fpirit  of  wine  plunged  in  the  fame 
mixture  :  a  circumftance,  which  (hews  that 
the  water,  during  its  converfion  into  ice,  has 
given  out  heat  fufficient  to  diminifh  the  ef- 
fect of  the  mixture. 

§  4.     Concerning  Phlogifton. 

Beccher,  ftruck  with  the  wonderful  pro- 
perty certain  bodies  poiTcfs  of  producing 
lire,  that  is  to  fay,  heat  and  light,  by  re- 
peated motion,  or  by  the  contact  of  other 
bodies  in  a  ftate  of  ignition,  concluded  that 
it  depended  on  a  particular  principle,  which 
he  called  inflammable  earth.  Stahl,  whofe 
attention  was  ftrongly  fixed  on  this  doctrine, 
imagined  that  this  principle  was  pure  fire,  or 
the  matter  of  fire  fixed  in  combuftible  bo- 
dies, and  gave  the  name  of  phlogifton,  or 
the  inflammable  principle,  to  this  element 
thus  combined  -,  in  order  to  diftinguifh  it 
from  fire  in  action,  or  in  a  ftate  of  liberty. 
Its  properties,  when  in  combination,  are 
therefore  very  different  from  thofe  it  pof- 
fcffcs  when  at  liberty ;  fo  that  it  can  no 
longer  be  known  by  its  two  diftinguifhing 
criterions,  heat  and  light.  But  it  refumes 
them  when  feparated  from  the  bodies  which 
confined  it,  and  appears  again  with  all  the 
I  2  brilliancy 
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brilliancy  and  heat  which  accompany  it 
when  fet  free.  Such  was  the  fimple  and 
fublime  idea  of  Stahl  on  the  nature  of 
combuftible  bodies.  It  is,  in  fadt,  natural 
to  think  that  fuch  matters,  as  by  becoming 
once  ftrongly  heated,  take  fire,  and  conti- 
nue to  burn  till  intirely  confumed,  owe 
this  property  to  fire  concealed  within  them  ; 
and  that  combuftion  is  nothing  more  than  a 
procefs  by  which  this  fire  is  developed.  All 
inflammable  bodies  therefore,  according  to 
Stahl,  contain  fixed  or  combined  fire,  which 
is  the  principle  of  their  inflammability. 
Hence  he  regarded  the  inflammable  princi- 
ple as  identical  in  all  bodies  that  contain  it, 
whatever  be  their  nature,  or  however  they 
refpedtively  differ  from  each  other.  No- 
thing more  was  required  than  the  pro- 
perty of  combuftibility,  to  prove  the  pre- 
sence of  phlogifton  in  large  quantity.  Thus 
fulphur,  coal,  metals,  oils,  phofphorus, 
&c.  owe  their  inflammability  to  fixed  fire, 
and  the  differences  of  ftrudiure,  form,  co- 
lour, confiftence,  weight,  &c.  depend  on 
the  various  principles  with  which  the  phlo- 
gifton is  united ;  this  laft  being  univerfally 
the  fame,  except  when  by  change  of  ftate  it 
becomes  free  or  uncombined. 

To  arrive  at  a  knowledge  of  the  pro- 
perties of  fixed  fire,  or  phlogifton,  Stahl 
made  a  comparifon  between  fuch  bodies  as 
contain  it,  and  others  into  which  it  does 

not 
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not  appear  to  enter.  He  obferved,  that 
the  firft  in  general  poffefs  colour,  fmell,  fu- 
Ability,  volatility,  and  combuftibility ;  while 
the  latter  are  ufually  colourlefs,  without 
fmell,  more  or  lefs  fixed,  infufible,  and  more 
efpecially  incombuftible.  He  has  alio  taken 
notice,  that  bodies,  manifeftly  abounding 
with  phlogifton,  lofe  the  greater  part  of 
the  properties  common  to  them  as  fuch,  on 
being  deprived  of  that  principle,  and  have 
them  reftored  upon  being  again  furnifhed 
with  phlogifton. 

It  was  more  efpecially  from  the  con- 
fideration  of  experiments  made  with  ful- 
phur  and  metallic  fubftances,  that  he  efta- 
blimed  his  doctrine  with  fuccefs.  Metals, 
according  to  him,  are  compounds  of  pecu- 
liar earths  united  to  phlogifton.  When 
they  are  calcined,  their  phlogifton  becomes 
difengaged ;  in  confequence  of  which  they 
are  no  longer  fufible,  ductile,  or  inflamma- 
ble. Thefe  properties  are  reftored  when  the 
earths  are  again  united  to  phlogifton,  by 
heating  them  with  oils,  coal,  or  any  other 
matter  abounding  with  that  principle.  Sul- 
phur is  compofed  of  the  vitriolic  acid  united 
to  phlogifton.  Its  combuftion  difengages  and 
diflipates  the  latter,  the  acid  only  remains. 
If  this  acid  be  treated  with  coals,  oils,  or  me- 
tals, it  deprives  them  of  their  phlogifton,  and 
again  forms  fulphur,  which  is  a  coloured, 

I  3  odorant, 
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odorant,  fufible,  volatile,  and  inflammable 
fubftance, 

Notwithftanding  the  elegant   perfpicuity 
of  this  theory,  it  is  eafy  to  point  out  great 
objections   to  which  it  is  liable.     If  it  be 
true,  that  the  exiftence  of  fire,  as  a  peculiar 
fluid,  is  not  at  all  proved  even  in  combufti- 
ble  bodies,  in  the  very  ftate  of  ignition  ;  and 
if  it  be  true,   that  they  prefent  nothing  elie 
to  the  notice  of  the   obferver  but  heat  and 
light,  how  can  we  admit  its  prefence  in  in- 
flammable fubftances  in  more  equivocal  cir- 
cumftances  ?    Whenever  we  fpeak  of  fire,  it 
muft  be  in  a  vague  and  inaccurate  manner, 
if  we  do    not   confine  our  obfervations   to 
light  or  heat.     We  have  feen,  that  there  are 
no  deductions  that  furficiently  prove  the  ma- 
terial exiftence  of  heat ;   but  every  thing,  on 
the  contrary,  tends  to   fhew,  that  it  is  no 
more  than  a  peculiar  modification.     Light 
is,  therefore,  the  only  fubftance,  which  being 
fuppofed  to  be  the  matter  of  fire,  can  be  af- 
firmed to  be  fixed  in  combination  with  bo- 
dies.    This  opinion  was  propofed  by  Mac- 
quer.     This   celebrated  man,    after  having 
long  meditated  on   the  nature  of  fire  and 
phlogifton,    concluded    that    light   porTefied 
all  the  properties,  whether  it  be  confidered 
as  free  and  in  motion,  or  as  a  principle  fixed 
in  bodies,  and  feparable  by  motion  or  agita- 
tion.    This  theory  perfectly  agrees  with  all 
the  phenomena  of  chemiftry. 

In 
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In  the  explanation  of  a  fyftem  admitted 
in  the  fciences,  it  is  necefiary  at  the  fame 
time  to  point  out  its  difficulties,  and  (hew 
its  errors.  Every  fyftem  hitherto  offered 
relating  to  chemiftry,  has  been  more  expofed 
to  errors  than  thofe  in  any  other  fcience,  and 
that  of  Stahl  is  far  from  being  without 
them.  We  ihall  here  point  out  the  objec- 
tions which  may  be  made  againft  the  doc- 
trine of  this  great  chemift,  which  has  con- 
ftituted  one  of  the  moft  brilliant  epocahs  of 
chemiftry,  though  it  has  now  loft  a  part  of 
its  reputation. 

The  difficulties  attending  the  dodtrine  of 
phlogifton  may  be  comprized  under  three 
claries.  1.  The  properties  Stahl  has  attri- 
buted to  this  principle,  are  not  univerfally 
found  in  thofe  bodies  which  he  affirms  to 
contain  it.  Charcoal,  and  in  particular  that 
of  refins,  which  he  regards  as  being  almoft 
pure  phlogifton,  is  poifeffed  neither  of  fmell, 
volatility,  or  fufibility.  There  are  even 
fome  charcoals  which  are  not  very  combufti- 
ble.  Diamond,  a  fubftance  very  infufible, 
fixed,  tranfparent,  inodorous,  is  perhaps  the 
moft  inflammable  fubftance  we  know,  lince 
it  burns  totally,  and  without  refidue.  Spi- 
rit of  wine,  ether,  and  many  elfential  oils 
have  no  colour. 

2.  It  often  happens,  that  bodies  in  lofing 

their  phlogifton  acquire  the  very  properties 

Stahl  commonly  attributes  to  its  prefence, 
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and  which  were  fcarcely  obfervable  in  the 
body  before.  Mod  metallic  bodies,  by  cal- 
cination, acquire  a  deeper  colour,  as  may  be 
inftanced  in  cobalt,  mercury,  lead,  iron, 
copper,  &c. 

3.  Stahl,  in  his  great  attention  to  com- 
buftible  bodies,  from  the  nature  of  which, 
he  endeavoured  to  afcertain  that  of  phlogif- 
ton,  has  paid  very  little  regard  to  the  ab- 
folute  neceflitj  for  the  prefence  of  air  in 
combination  ;  and  -feems  to  have  forgotten 
how  effential  it  is  to  that  procefs.  It  is  in 
confequence  6f  this,  that  he  has  not  forefeen 
the  ftrongeft  objection  that  could  be  made  to 
his  theory  ;  but  which,  however,  was  not 
propoied  by  any  chemift  of  his  time.  If 
combuftion  be  nothing  more  than  the  dis- 
engagement of  phlogifton,  it  is  clearly  a  de- 
compofition,  in  which  the  inflammable  body 
lofes  one  of  its  principles.  But  is  it  poffible 
that  a  body,  by  the  lofs  of  one  of  its  prin- 
ciples, mould  become  abfolutely  heavier 
than  before  ?  Yet  it  is  true,  that  one  hun- 
dred pounds  of  lead  afford  an  hundred  and 
ten  of  minium  ;  and  that  fulphur,  by  com- 
buftion, affords  more  than  its  own  weight 
of  vitriolic  acid.  And  in  the  fame  manner, 
fixteen  ounces  of  fpirit  of  wine,  by  being 
burned,  affords  eighteen  ounces  of  pure 
water,  according  to  the  happy  difcovery  of 
M.  Lavoifier. 

The  force  of  this  objection,  added  to  the 

difficulty 
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difficulty  of  proving  the  existence  of  phlo- 
gifton, have  induced  fome  modern  chemifts 
to  deny  its  exiftence  altogether.  But  on 
this  fubject  it  muft  be  obierved,  that  not- 
withstanding the  immenfe  refearches  made 
of  late  years  into  the  phenomena  of  com- 
buftion,  the  opinion,  which  admits  the  ex- 
istence of  fire  as  a  principle  fixed  in  bodies, 
has  not  yet  been  overthrown ;  that  the  the- 
ory of  Macquer,  which  regards  light  as  this 
principle,  iatisfies  all  difficulties  and  objec- 
tions -,  and  that  M.  Lavoifier,  whcfe  new 
and  exact  experiments  would  be  certainly 
decifive,  if  any  were  fo,  in  overthrowing 
the  doctrine  of  phlogifton,  has  not  yet  a- 
dopted  an  opinion  on  the  fubject ;  as  is 
clear  from  his  admitting  of  fire  in  a  ftate  of 
combination,  though  in  a  very  different,  and 
even  oppofite,  fcnk  to  that  affbmed  in  the 
doctrine  of  phlogifton,  as  will  be  feen  in  the 
following  chapter. 

Since  the  attention  of  chemifts  has  been 
directed  to  the  neceflity  of  air  to  combuftion, 
many  important  difcoveries  have  been  made; 
the  principal  of  which  is,  that  a  portion  of 
atmoipheric  air  is  abforbed  by  bodies  that 
burn,  and  that  it  is  this  part  of  the  air, 
which,  becoming  fixed  or  combined,  in- 
creafes  the  abfolute  gravity  of  metals,  ful- 
phur,  phofphorus,  inflammable  air,  and  fpi- 
rit  of  wine,  after  their  combuflion.  And  it 
has  likewife  been  difcovered,  that  this  auir- 

mentation 
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mentation  correfponds  accurately  to  the 
weight  of  the  air  abforbed,  fome  chemifts, 
at  the  head  of  whom  Men^s.  Lavoifier  and 
Bucquet  may  be  placed,  have  admitted  a 
new  theory,  intirely  founded  on  the  abforp- 
tion  of  air,  and  wherein  no  mention  is  made 
of  phlogifton.  This  theory  is  directly  op- 
pofite  to  that  of  Stahl,  and  is  comprehended 
in  the  four  following  principles  : 

1.  The  bodies,  called  phlogifticated  by 
Stahl,  are,  according  to  this  doctrine,  bodies 
which  have  a  ftrong  tendency  to  unite  with 
air ;  a  tendency  which  in  general  conftitutes 
combuftibility. 

2.  All  the  fafts  or  circumftances  in  which 
Stahl  fuppofed  phlogifton  to  be  difengaged, 
confift  of  nothing  more  than  the  entering  of 
pure  air  into  combination.  Such  are  combuf- 
tion,  calcination,  refpiration,  the  formation 
of  the  vitriolic  and  phofphoric  acids  by  the 
combuftion  of  fulphur  and  of  phofphorus. 

3.  Every  circumftance,  on  the  contrary, 
wherein  phlogifton  enters  into  combination, 
according  to  Stahl,  confifts  of  nothing  more, 
in  the  pneumatic  theory,  than  the  difengage- 
ment  of  air.  Such  are  the  production  of  me- 
tals effe&ed  by  the  reduction  of  metallic 
calces  and  charcoal,  the  decompofition  of 
acids  by  combuftible  bodies,  and  in  particu- 
lar thofe  of  the  vitriolic  and  nitrous  acids  by 
iron,  charcoal,  &c. 

4.  Every  matter    which   Stahl   fuppofes 

to 
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to  be  a  compound,  containing  phlogifton,  is 
regarded  in  this  theory  as  a  fimple  fubftance, 
which  has  a  flrong  affinity  with  pure  air, 
and  endeavours  to  combine  with  it  whenever 
they  come  into  contadt.  So  that  combuftion 
confifts  in  a  precipitation  of  air  on  the  com- 
builible  body ;  and  every  operation,  in 
which  bodies  have  been  thought  to  regain 
phlogifton,  is  limply  either  the  difengage- 
ment  of  pure  air,  or  its  paffage  from  one 
body  to  another. 

This  opinion,  adopted  by  the  late  M. 
Bucquet,  in  his  latter  courfes  of  lectures, 
explains  the  greater  part  of  the  phenomena 
of  combuftion,  calcination,  and  reduction  of 
metallic  calces ;  but  it  does  not  afford  ade- 
quate reafons  for  the  flame  which  is  pro- 
duced by  bodies  in  a  ftate  of  ignition,  nor 
the  rapid  motion  and  other  changes  that  at- 
tend it.  M.  Macquer,  who  muft  have  been 
well  aware  of  the  influence  of  the  modern 
difcoveries  on  chemical  theory,  was  of  opi- 
nion that  they  do  not  intirely  overthrow  that 
of  Stahl,  and  has  found  means  to  unite  the 
pneumatic  dodtrine  we  have  here  explained 
with  that  of  phlogifton.  After  having  fhewn 
that  pure  light,  fuch  as  is  emitted  by  the 
fun,  may  be  regarded  as  the  true  matter  of 
fire,  and  that  by  admitting  it  as  fixed  in  bo- 
dies, it  conftitutes  the  phlogifton  of  Stahl ; 
he  has  explained  combuftion  with  great  per- 
fpicuity,  and  in  fuch  a  manner,  as  removes 

all 
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all  the  difficulties  of  the  fubject.  Accord- 
ing to  him,  in  every  inftance  of  combuftion, 
the  pure  air  difengages  the  light  or  phlo- 
gifton from  inflammable  bodies,  and  occu- 
pies its  place;  fo  that  calcination  may  be 
regarded  as  the  precipitation  of  air,  and  dif- 
engagement  of  light.  When,  on  the  con- 
trary, phlogifton  is  reftored  to  neutral  fub- 
ftances,  the  matter  of  light  ferves  to  difen- 
gage  in  its  turn  the  air  fixed  in  thofe  bodies, 
by  which  means  they  again  refume  the  me- 
tallic ftate.  In  this  theory,  which  perfectly 
anfwers  the  intention  of  its  author,  by  unit- 
ing the  doctrine  of  Stahl  with  that  of  the 
moderns,  Mr.  Macquer  thinks  that  phlo- 
gifton can  unite  with  bodies  even  in  clofed 
veiTels,  becaufe  light,  wThich  he  regards  as 
the  true  phlogifton,  paries  through  glafs 
vefTels,  as  every  one  knows,  and  even  pene- 
trates metallic  or  earthen  veffels  when  heated 
to  ignition.  This  important  pofition  is  not 
found  in  the  theory  of  Stahl,  and  we  (hall 
hereafter  be  fenfible  of  its  influence  in  the 
explanation  of  a  great  number  of  phenome- 
na in  chemiftry. 

We  may  therefore  confider  the  doctrine  of 
phlogifton  as  no  longer  difficult.  All  phi- 
lofophers  are  acquainted  with  the  exiftence 
and  phenomena  of  light,  x^nd  we  think  it 
even  a  matter  of  aftoniihment,  that  the  in- 
genious thought  of  Mr.  Macquer  did  not 
occur  to  other   chemifts  -,    and   that  Stahl 

himfelf 
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himfelf  did  not  pay  attention  to  the  influence 
of  light  in  chemical  phenomena.  The  ac- 
count we  have  given  of  the  effe£t  of  light  on 
vegetables,  effential  oils,  metallic  calces,  and 
falts,  may  be  underftood  as  confequences  of 
phlogifton  being  imparted  to  thofe  bodies; 
and  this  laft  term  propofed  by  Stahl,and  fince 
admitted  by  every  chemift,  muft  be  under- 
ftood as  fynonymous  to  fixed  or  combined 
light.  It  is  true  neverthelefs,  that  Mr.  La- 
voifier,  whofe  opinion  ought  to  have  as 
great  influence  in  chemical  theory  as  his  ex- 
periments have  power  in  accelerating  its 
progrefs,  feems  to  eftablifh  a  new  theory  by 
degrees,  concerning  which,  in  this  place,  we 
fhall  fay  a  few  words,  as  far  as  it  relates  to  the 
doftrine  of  phlogifton.  He  thinks  that  light, 
heat,  and  all  the  phenomena  that  appear  in 
combuftion,  depend  more  on  the  air  than 
on  the  combuftible  body.  That  the  flame, 
which  appears,  is  rather  the  light  difengaged 
from  the  pure  air,  than  feparated  from  the 
combuftible  fubftance.  The  decompofiticn, 
which,  according  to  Stahl  and  Macquer,  is 
effedted  in  the  inflammable  body,  he  iuppofes 
to  take  place  in  the  pure  air,  which  he  regards 
as  a  compound  of  the  matter  of  fire  and  ano- 
ther principle;  and  the  phlogifton,  whofe  dif- 
engagement  is  the  leading  circumftance,  is, 
according  to  his  theory,  feparated  from  the 
pure  air.  We  cannot,  in  this  place,  fpeak 
more  largely  on  this  ingenious  fyftem,  but 

(hall 
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fhall  attend  more  particularly  to  it  in  our 
next  chapter  on  air.  It  is  proper  however 
to  obferve,  that  the  matter  of  fire  or  of  heat, 
which  Mr.  Lavoifier  admits  in  pure  air, 
whofe  difengagement  is  fuppofed  by  him  to 
be  the  caufe  of  the  bright  flame  in  combuf- 
tion,  can  be  nothing  elfe  but  the  phlogifton 
of  Stahl,  or  the  fixed  light  of  Macquer ;  and 
that  all  chemifts  are  of  courfe  agreed  that  it 
exifts.* 

§  5.     The  Effe&s  of  Heat  on  Bodies  con- 
fidered  chemically. 

It  has  been  feen,  that  one  of  the  princi- 
pal eflfe&s  of  heat,  is  the  rarefa&ion  of  bo- 
dies, that  is  to  fay,  the  augmentation  of  their 

*  Nothing  can  be  a  greater  indication  of  the  infancy  of 
a  fcience,  than  a  variety  of  theories  equally  probable  ;  for 
their  existence  (hews  thatfome  at  leaft  (and  perhaps  many) 
of  the  moft  eiTential  facts  are  ftill  undifcovered.  The  doc- 
trine moft  generally  received  in  Britain  is,  that  inflamma- 
ble air  is  either  pure  phlogifton,  or  contains  phlogifton 
nearly  pure,  and  that  its  tranfitions  with  refpecl:  to  pure  air, 
are  fimilar  to  what  the  text  affirms  from  Macquer,  con- 
cerning fixed  light.  The  great  increafe  of  temperature  in 
combuftion,  is  accounted  for  from  the  confideration  of  the 
capacity  of  pure  air  for  heat,  which  from  experiment  is 
known  to  be  prodigioufly  great,  and  confequently  its 
temperature  (page  112.  note  22.)  muft  be  exceedingly 
raifed,  when  its  capacity  becomes  lefs  in  its  fixation.  In- 
flammable air  and  pure  air  unite  in  a  high  temperature,  and 
form  water  :  the  heat,  which  maintained  the  aerial  ftate 
being  given  out,  produces  ignition.  Flame  confifts  of 
thefe  two  kinds  of  air,  in  the  act  of  uniting.     T. 

bulk, 
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bulk,  by  increafing  the  diftance  between  the 
particles,  and  a  confequent  diminution  of 
their  fpecific  gravity.  This,  in  the  fimple, 
phyfical,  or  mechanical  idea,  we  have  exhi- 
bited in  fpeaking  of  rarefaction  in  general ; 
but  when  this  action  is  more  carefully  at- 
tended to,  we  find  its  other  confequences 
are  fuch,  that  it  becomes  of  effential  confe- 
quence  to  underftand  them. 

The  firft  chemical  confideration  that  pre- 
fents  itfelf,  is,  that  heat,  by  removing  the 
particles  of  bodies  farther  apart,  diminishes 
their  aggregation.  The  force  of  aggregation 
and  the  affinity  of  compofition  being  always 
oppofed*  to  each  other,  as  has  been  fliewn 
in  the  third  chapter,  it  is  ^afy  to  conceive 
that  fire  or  heat  Angularly  favours  -j-  combi- 
nation, by  deftroying  aggregation.  This  ef- 
fect has  caufed  fire  to  be  regarded  as  the 
principal  agent  of  the  chemifts,  and  they 
have  themfelves  affumed  the  title  of  philo- 
fophers  by  fire.  We  fhall  fee,  however,  that 
they  avail  themfelves  much  lefs  of  its  affift- 
ance  than  they  formerly  did. 

The  action  of  heat  conlidered  under  this 
point  of  view,  as  tending  to  favour  combi- 

*  See  note,  page  49. 

t  The  fimple  removal  of  particles  from  each  other,  may 
favour  combination,  by  enlarging  the  intervals  through  which 
other  particles  muft  pafs,  in  obeying  the  laws  of  affinity  ; 
and  there  may  be  many  affinities  too  weak  to  act  without 
this  affiftance.    T.  . 

nation, 
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nation,  feems  to  be  modified  in  four  differ- 
ent manners,  according  to  the  nature  of  the 
bodies  on  which  it  exercifes  its  power. 

1.  There  are  bodies  which  it  only  dilates, 
during  the  time  of  its  continuance,  without 
altering  them  in  any  other  refped: ;  thefe  are 
called  apyrous  :  thus  it  is  found  that  rock 
cryftal,  $  expofed  to  the  ftrongeft  and  moft 
powerful  heat  continued  for  a  long  time, 
fufrers  no  alteration,  either  in  hardneis,  tran- 
fparency,  or  any  other  property,  and  comes 
forth  from  this  trial  as  denfe  and  as  beauti- 
ful as  ever.  There  are  few  fubftances 
equally  unchangeable  by  fire. 

2.  Heat  entirely  deftroys  the  aggregation 
of  many  bodies,  caufing  them  to  pafs  from 
the  folid  to  the  fluid  ftatej  fuch  bodies  are 
called  fufible.  There  are  different  degrees 
of  fufibility,  from  that  of  platina,  which  is 
exceedingly  difficult  to  melt,  to  that  of 
mercury,  which  in  our  climate  is  always 
fluid.  This  fufibility,  carried  to  the  extreme, 
is  volatility.  A  body  is  volatilized,  or  rifes 
into  the  atmofphere,  when  it  pafles  from  the 
Hate  of  liquidity,  by  a  high  degree  of  rare- 
faction, to  that  of  an  elaftic  fluid.  Being 
then  lighter  than  the  atmofpheric  air,  it  af- 
cends  till  condenfed  by  cold.  Bodies  pof- 
ferTed  of  this  property,  are  faid  to  be  vola- 
tile. Thofe  which  do  not  pofiefs  it  are  cal- 
led fixed.     There  are  many  gradations  be- 

X  It  has  been  melted  by  flame,  urged  by  a  ftrcam  of  de- 
phlogifticated  air.    T. 

tween 
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tween  fixity  and  volatility.  It  feems  in- 
deed that  there  are  no  bodies  abfolutely 
fixed,  and  that  they  are  only  relatively  fo 
with  refpedt  to  our  fires,  but  would  rife  at 
greater  heats  than  at  prefent  we  know  how 
to  excite.  The  fame  obfervation  applies  alfo 
to  fufibility.  The  caufe  why  rock  eryftal 
cannot  be  fufed,  is  fimply,  that  we  cannot 
excite  a  fufficient  degree  of  heat.  The  in- 
fufibility  and  fixity  of  bodies  is  therefore 
merely  comparative  amongft  each  other,  and 
with  refpedl  to  our  fires. 

This  effential  property  of  volatility  mud 
be  well  difcriminated  from  another  kind, 
which  is  only  apparent.  The  current  of 
heated  air,  or  explofions  of  flame,  may  raife 
bodies  in  a  ftate  of  minute  divifion,  though 
not  volatile  in  themfelves.  Thus  the  calx 
of  zink  is  raifed  by  the  rapid  motion  of  the 
flame  which  is  produced  in  burning  that 
femi-metal. 

3.  When  heat  afts  on  bodies  compofed 
of  two  principles,  one  of  which  is  volatile, 
and  the  other  fixed,  it  feparates  them  by  vo- 
latilizing the  former.  Thefe  bodies  are  de- 
compofed  without  alteration ;  fo  that  they 
may  be  compounded  again,  and  all  their 
properties  made  to  re-appear  by  uniting 
them.  This  feparation  of  conflituent  parts, 
is  the  true  analyfis.  In  order  that  this  ana- 
lyfis  may  take  place,  it  is  a  neceffary  condi- 
tion that  the  fixed,  as  well  as  the  volatile 
Vol.  I.  K  fubftance 
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fubftance  be  unalterable  by  the  heat  applied ; 
for  in  this  cafe  only  can  the  principles  be 
again  combined  as  before.  But  as  it  feldom 
happens,  that  bodies  are  compofed  of  two 
fimple  principles,  or  that  the  heat  can  be 
regulated,  fo  as  to  feparate  more  compound- 
ed principles  without  changing  them,  it  is 
eafy  to  conceive,  that  the  number  of  bodies 
thus  acted  on  by  heat,  is  very  fmall.  This 
is  the  reafon  why  chemifts  make  lefs  ufe  of 
fire  in  their  operations  than  they  did  for- 
merly. Subftances  decompofable  by  fire, 
without  alteration,  are  certain  mineral  mat- 
ters, fuch  as  crystallized  falts,  and  folutions 
of  neutral  falts. 

4.  If  the  bodies  expofed  to  heat  be  com- 
pofed of  feveral  principles,  both  fixed  and 
volatile,  the  volatile  principles  combine  to- 
gether, as  do  alfo  the  fixed ;  fo  that  the  de- 
compofitions  afford  new  products,  which 
cannot  form  the  original  compound  by  re- 
union. This  is  the  falfe  or  complicated 
analyfis ;  and  bodies  thus  acted  on  by  heat, 
are  faid  to  be  decompofable  with  alteration. 

The  greater!  number  of  natural  fubftan- 
ces  are  of  this  kind ;  becaufe  they  are  com- 
pofed of  too  great  a  number  of  principles 
to  admit  of  the  action  of  heat,  without  new 
combinations  taking  place,  as  well  as  decom- 
pofitions.  Thus  we  find,  by  expofing  a  piece 
of  wood,  or  other  vegetable  matter,  to  the 
a&ion  of  heat,  the  water,  the  falts,  the  oils, 

and 
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and  the  principle  of  fmell,  which  are  all 
volatile,  unite  together,  and  conftitute  a  co- 
loured, faline  phlegm,  of  a  ftrong  fmell,  to* 
gether  with  brown  or  red  oils,  which  did 
not  exift  in  that  form  in  the  vegetable ;  at 
the  fame  time  that  the  earth,  the  fixed  falts, 
and  the  colouring  matter  combine  together, 
and  produce  a  new  fubftance,  called  coal. 
Every  part  is  therefore  changed  by  the  action 
of  the  heat,  and  the  phenomena  announce  a 
falfe  and  complicated  analyfis,  whofe  refults 
would  miflead  chemifts,  if  they  were  not 
aware  of  its  uncertainty  and  infufficiency. 
It  is  certain  that  art  cannot  produce  again 
any  vegetable  fubftance  by  mixture  of  the 
phlegm,  falts,  oil  and  coal  obtained  by  an 
analyfis  of  this  kind,  becaufe  the  principles 
it  affords  have  fuffered  very  considerable 
changes.  It  is  unfortunate  that  the  greater 
number  of  bodies  are  fubject  to  this  kind  of 
change  by  heat.  Every  animal  and  vegeta- 
ble fubflance,  and  a  great  quantity  of  mine- 
ral matters,  belong  to  this  clafs ;  and  for 
that  reafon  chemifts  have  recourfe  to  other 
methods  of  examining  them,  as  will  be 
hereafter  fhewn. 

Thus  far  we  have  fpoken  only  of  a  ftrong 
heat,  fuch  as  is  commonly  applied  in  the 
different  operations  of  art ;  but  a  low  degree 
of  heat,  long  continued,  produces  in  the 
operations  of  nature  a  great  number  of  phe- 
nomena, which  the  chemift  ought  to  attend 
K  2  to, 
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to,  and  endeavour  to  underftand.     The  vi- 
brations excited  by  the  prefence  of  heat,   in 
the  iolid  parts  of  bodies,  and  the  rarefadtion 
and  agitation  produced  in   the  fluids,  keeps 
up  a  continual  inteftine  motion,  which   by- 
degrees  changes  the  ftrudture  of  the  former, 
and  fenfibly   alters   the  confidence,  colour, 
tafte,  and,  in  a  word,  the  intimate  nature  of 
the  latter.     This  is  the  general  idea  we  may 
form  of  the  exiftence  and  eflfecft.   of  the  che- 
mical operations  that  take  place  in  natural 
bodies,    of  the  fpontaneous   decompofition 
and   re-combination   of  minerals,   with  the 
cryftallization,    folution,    and  formation  of 
falts  that  take  place  in  the  interior  parts  of 
the  globe  we  inhabit.     It  is  to  the  powerful 
agency  of  heat  likewife  that  we  mud  recur, 
to  account  for  the  alterations  of  which  the 
bodies   of  vegetables   and  animals   are  fuf- 
ceptible,   the  motion  of  the  fap,  the  mild 
fermentation  which  produces  maturation  or 
ripenefs  in  fruits,  the  formation  of  oils,  of 
the  fpiritus  recta,    or  of  mucilages  and  of 
the  colouring  principle,   the  compofition  of 
animal  fluids,   their  decompofition,  fuccef- 
live    changes  and    putrefaction.     All   thefe 
important  phenomena  are  produced  by  che- 
mical operations  ;   and  the  heat  diffufed  over 
our  globe  is  the  governing  principle.     Our 
prefent  intention  is  fufficiently  anfwered,  by 
the    tranfient   view  we   have  taken  of  this 
common  iburce  of  motion,  life,  and  death. 

We 
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We  have  here  given  a  fketch  of  the  fubjedt, 
and  mall  endeavour,  in  the  following  meets, 
to  exhibit  its  parts  with  precision  and  ac- 
curacy, 

§  6.  Concerning  Fire,  confidered  as  a  Che- 
mical Agent,  and  the  Method  of  applying 
it  to  Bodies. 

The  different  changes  produced  in  bodies 
by  heat,  are  employed  by  chemifts  in  de- 
compofing  or  combining  bodies.  The  firil: 
circumftance  to  be  attended  to,  is  to  have  an 
exact  meafure  of  the  degrees  of  heat  necef- 
fary  to  effect  the  changes,  of  which  the 
matters  under  examination  are  fufceptible. 
The  degrees  of  heat  are  generally  coniidered 
under  two  principal  diviiions ;  one  compre- 
hending thofe  under  the  temperature  of 
boiling  water,  and  the  other  fuch  as  are 
above  that  temperature.  The  fcale  of  the 
thermometer  ferves  to  diftinguifh  the  former; 
the  latter,  for  the  greateft  part,  can  be  efti- 
mated  only  from  the  fufibility  of  different 
fubftances. 


Diviiions  of  Heat  below  the  Boiling  Water 
Point. 

The  firfl  diviiion  extends  from  45  deg.  to 
60  deg.  of  Fahrenheit.*     This  temperature 

*  Reaumur's  fcale  is  ufed  in  the  original.     T. 
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favours  putrefaction,  vegetation,  flow  evapo- 
ration, &c.  It  is  not  commonly  ufed  in 
chemiftry,  becaufe  not  confiderable  enough  ; 
except  in  certain  macerations  made  during 
winter,  or  for  the  cryftallization  of  faline 
mixtures  after  due  evaporation. 

The  fecond  divifion  extending  from  about 
68  to  80,  continues  to  promote  putrefac- 
tion. It  excites  the  fpirituous  fermenta- 
tion in  faccharine  liquors,  and  facilitates 
evaporation,  and  the  flow  cryftallization 
which  follows.  This  is  the  ordinary  heat 
of  temperate  climates.  It  is  ufed  for  digef- 
tions,  faline  folutions.  fermentations,  &c. 

The  third  divifion  lies  between  the  88th 
and  1  ooth  degrees  of  the  thermometer.  In 
this  temperature  the  acid  fermentation  is 
beft  carried  on,  and  plants  are  fuccefsfully 
dried  for  practical  ufe.  It  is  ufed  for  cer- 
tain faline  folutions,  and  to  promote  fer- 
mentations. 

The  fourth  divifion  is  at,  or  near,  the  tem- 
perature of  about  145  deg.  It  is  called  the 
mean  degree  of  heated  water,  and  is  that 
of  the  veffels  called  balneum  mariae.  It  de- 
ftroys  the  organization  of  plants,  and  vola- 
tilizes the  lighted  parts  of  plants,  efpecially 
the  fpiritus  rector.  It  is  ufed  in  the  diftil- 
lation  of  vegetables  and  animal  matters, 
whofe  phlegm  and  principle  of  fmell  are 
intended  to  be  feparatedo 

The 
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The  water  temperature  of  boiling  water, 
or  212  deg.  is  ufed  in  the  extraction  of  effen- 
tial  oil. 

Divifions  of  Heat  above  Boiling  Water. 

The  firft  diviiion  melts  fulphur,  burns 
organized  matter,  or  gives  a  low  red  heat  to 
glafs  veifels. 

The  fecond  extends  from  the  fuiion  of 
the  fofter  metals,  fuch  as  lead,  tin,  or  bif- 
muth,  to  that  of  the  fofter  kinds  of  glafs. 

The  third  diviiion  may  be  confidered  as  in- 
cluding the  fuiion  of  metals  of  a  middle  con- 
fiftence,  fuch  as  zink,  regulus  of  antimony, 
filver  and  gold. 

The  fourth  ferves  to  bake  porcelain,  and  _ 
fufes   the  more  refra&ory  metals,   fuch  as 
cobalt,  copper,  iron,  &c. 

The  laft  and  higheit  of  all  is  found  in  the 
focus  of  the  burning  glafs.  This  extreme 
heat  calcines,  burns,  and  vitrifies,  in  a  very 
fhort  time,  all  bodies  fufceptible  of  fuch  a 
change.* 

Though  thefe  divifions  above  boiling  water 
are  determined  by  phenomena  well  known 

*  The  effects  of  heat  are  greater,  when  the  flame  of  a 
candle  or  lamp  is  urged  by  a  blow-pipe,  than  in  any  fur- 
nace, and  greater  than  in  the  focus  of  the  beft  burning  lens, 
if  dephlogifticated  air  be  ufed.  A  large  field  for  expe- 
riment is  open,  by  combining  the  effects  of  both,  namely, 
the  folar  focus,  and  the  ftream  of  dephlogtfticated  air.  T. 
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to  chemifts,  their  admeasurement  has  not  the 
defired  precifion.  An  inftrument  capable  of 
indicating  with  exa&nefs  the  degrees  em- 
ployed in  thefe  operations,  would  be  an 
acquilition  of  great  value  and  importance. 
We  are  affured  that  fuch  an  inftrument  has 
been  conftrudted  in  England.  It  confifts  of 
a  very  acute  angled  cone,  on  which  a  ring  of 
the  fame  matter  is  occasionally  placed.  The 
contraction  of  the  dimenfions  of  the  cone 
by  heat,  caufes  the  ring  to  fink  to  a  pofition 
nearer  the  bafe,  according  to  its  intenfity. 
This  ingenious  inftrument  is  yet  unknown 
in  France. -f* 

The  heat  required  in  chemical  operations, 
is  produced  by  the  combuftion  of  charcoal, 
or  common  mineral  coal.  For  this  pur- 
pofe,  various  furnaces  of  different  forms  are 
conftrucled,  according  to  the  purpofe  they 
are  intended  to  anfwer.  Such  are  the  fur- 
nace for  digeftion,  for  fufion,  the  reverberat- 

t  I  do  not  know  whether  the  inventor  of  this  valuable 
inftrument  (J.  Wedgwood,  Efq.)  ever  thought  of  the  con- 
trivance of  the  cone  ;  but  the  method  he  defcribes  in  the 
Philofophical  Tranfactions  for  1782,  is  certainly  much  pre- 
ferable. Small  pieces  of  clay  ilightly  baked,  are  formed 
accurately  to  a  ftandard  fize.  Thefe  contract:  by  the  heat, 
and  their  dimenfions  are  then  meafured,  by  fuffering  them 
to  fall  gently  between  two  graduated  rulers,  inclined  to 
each  other  in  a  fmall  angle.  The  greater  the  contraction, 
the  farther  they  go  before  they  ftop,  and  this  contraction 
afcertains  the  greateft  heat  the  clay  has  fuffered.  Thefe 
inftruments  are  fold  by  the  inventor  in  Greek- Street, 
London.     T. 
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ing  furnace,  the  wind  furnace,  the  cupelling 
furnace  ;  and  it  is  poffible,  by  a  ikilful 
attention  to  various  particulars,  to  con- 
ftruct  a  furnace  capable  of  anfwering  the 
intentions  of  every  kind.  On  this  fub- 
jecT  the  chemical  dictionary  of  Macquer 
may  be  confulted,  where  the  author  de- 
fcribes  a  peculiar  and  very  ufeful  furnace  of 
his  own  invention:  alio  the  chemiftry  of 
Beaume,  the  Lithogeognelia  of  Pott,  the 
Journal  de  Phyftque  of  the  Abbe  Rofur,  in 
which  the  defcription  of  many  furnaces, 
conftructed  by  various  chemifts,  may  be 
found.  The  flame  of  oil  and  fpirits  of  wine 
is  fometimes  employed  in  furnaces  adapted 
to  that  purpofe. 

The  manner  of  communicating  heat  to 
bodies  in  the  various  chemical  proceiTes, 
like  wife  deferves  to  be  confidered.  If  the 
combuftible  matter  itfelf  be  applied  to  the 
fubftance  itfelf,  or  the  veffel  immediately 
containing  it,  the  operation  is  faid  to  be 
performed  by  a  naked  fire.  If  any  fubftance 
be  placed  between  the  fire  and  the  verTel 
containing  the  matter  under  examination, 
the  interpofed  fubftance  is  called  a  bath. 
Hence  the  names  balneum  maris,  or  water 
bath,  fand  bath,  cinder  bath,  metallic  bath, 
&c. 

The  form  of  the  vefTels  employed  in  the 
treatment  of  bodies  by  fire,  and  the  different 
phenomena  prefented  by  the  matter  expofed 

to 
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to  its  adion,  have  occafioned  a  confiderable 
number  of  operations  to  be  diftinguifhed  by 
particular  names.  Such  as  roafting,  calci- 
nation, fuiion,  reduction,  vitrifadion,  cu- 
pellation,  cementation,  Gratification,  redifi- 
cation,  concentration,  digeftion,  infufion, 
decodion,  lixiviation.  Thefe  operations  per- 
formed by  the  affiftance  of  fire,  coLititute 
the  principal  part  of  the  chemical  nomen- 
clature, of  which  we  (hall  proceed  to  give  a 
fhort  account. 

Roafting  is  a  procefs  by  which  mineral 
matters  are  divided,  fome  of  their  principles 
being  volatilized,  and  others  changed,  fo  as 
to  prepare  them  for  other  operations,  to 
which  this  may  be  regarded  as  preliminary. 
Minerals  are  fubjeded  to  this,  in  order  to 
feparate  their  fulphur  or  arfenic,  and  to  ren- 
der them  more  pulverable  or  friable.  In 
the  fmall  way  this  is  done  in  crucibles,  or 
capfules  of  earth  or  iron,  and  generally  with 
accefs  of  air.  Sometimes  it  is  performed  in 
clofed  veffels,  for  which  purpofe  two  cru- 
cibles are  ufually  luted  mouth  to  mouth. 

Calcination  is,  as  it  were,  a  more  ad- 
vanced ftage  of  the  procefs  of  roafting.  Mi- 
nerals are  by  this  deprived  of  their  water, 
their  falts  or  their  phlogifton  calcareous,  ftones 
are  thus  converted  into  lime,  and  the  metals 
into  calces.  The  fame  veffels  are  employed 
for  this  purpofe  as  for  roafting. 

By 
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By  fufion  bodies  are  made  to  pafs  from  the 
folid  to  the  fluid  ftate,  in  confequence  of  the 
application  of  heat.  Salts,  fulphur  and 
metals,  are  the  chief  bodies  fubjected  to  this 
procefs.  Crucibles  of  baked  clay  of  various 
kinds  and  figures,  with  metallic  cones  or 
ingot  moulds,  are  the  inftruments  chiefly 
ufed.  Thefe  hit  give  the  figure  to  the  mat- 
ter, which  after  pouring  out,  is  then  either 
a  bar,  or  ingot,  or  a  button. 

In  reduction  or  revivification,  the  calces 
of  metals  are  reftored  to  their  metallic  ftate 
by  the  affiftance  of  fire,  with  charcoal  or 
other  inflammable  matter. 

Vitrification,  is  the  fufion  of  fubftances 
capable  of  afluming  the  tranfparency,  hard- 
nefs,  and  other  properties  of  glafs.  Vitri- 
fiable  earths  with  alkalis,  and  metallic  calces, 
are  the  principal  matters  fubjected  to  this 
operation. 

Cupellation  is  the  purifying  of  perfect 
metals  by  means  of  an  addition  of  lead. 
This  laft,  at  a  due  heat,  becomes  vitrified, 
and  promotes  the  vitrification  and  calcina- 
tion of  fuch  imperfect  metals  as  may  be  in 
the  mixture,  fo  that  thefe  laft  are  carried  off 
in  the  fufible  glafs  which  is  formed,  and  the 
perfect  metals  are  left  nearly  pure.  The 
name  of  this  operation  is  taken  from  the 
veflelsmade  ufe  of,  which  are  called  cupels. 
Thefe  are  formed  of  the  earth  of  bones, 

which, 
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which,  on  account  of  its  porofity,  eafily 
imbibes  the  glafs  of  lead. 

Certain  powders  made  ufe  of  for  including 
particular  bodies  intended  to  be  changed  by 
their  action,  in  clofe  veflels,  fubjected  to  heat, 
are  called  cements.  Thus  it  is  that  iron  is 
cemented  with  powder  of  charcoal  to  con- 
vert it  into  fteel;  and  green  glafs  with  plafter 
or  fand,  to  convert  it  into  a  kind  of  porcelain. 
Cementation  is  a  procefs,  which,  in  certain 
cafes,  requires  a  very  ftrong  heat. 

Stratification  is  an  operation  nearly  iimilar 
to  the  foregoing :  it  confifts  in  the  arrange- 
ment of  various  folid  bodies  in  a  crucible, 
or  other  veffel  capable  of  refilling  the  fire. 
Thefe  are  generally  in  the  form  of  bars  or 
plates,  and  are  blended  with  pulverable 
matters,  capable  of  altering  their  nature. 
The  difpofition  of  thefe  matters  in  beds  or 
ftrata,  has  given  rife  to  the  name  Gratifica- 
tion. In  this  manner  copper  or  filver  are 
treated  with  fulphur,  in  order  to  effedt  a 
combination.  This  procefs  differs  from  fu- 
fion,  calcination,  or  vitrification,  only  in  the 
difpofition  of  the  matters. 

Detonation  is  peculiar  to  nitre,  and  thofe 
matters  of  which  it  is  a  component  part.  It 
confifts  in  the  noife  produced  by  the  ex- 
plofion  of  thefe  fubftances  when  heated, 
which  is  greater  or  lefs,  according  to  the 
manner  and  quantity  of  the  compofition, 
the  fudden  or  gradual    application  of   the 

heat5 
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heat,  the  clofenefs  of  the  veffels,  &c.  De- 
crepitation differs  from  detonation  in  its 
noife  being  much  lefs,  and  the  term  is  ufed 
only  with  refpect  to  fuch  falts  as  burft 
afunder  by  heat,  which  caufes  their  water  of 
crystallization  to  expand,  and  make  its  ef- 
cape.  It  is  particularly  obierved  in  fea  fait. 
Fulmination  is  a  quick  and  fudden  detona- 
tion obferved  in  fulminating  gold,  fulmina- 
ting powder,  and  the  combuftion  of  in- 
flammable and  pure  air  when  partially  con- 
fined, or  gunpowder  in  the  like  circum- 
ftances. 

The  operation  of  volatilizing  by  heat,  fuch 
fubftances  as  are  in  a  dry,  folid,  and  often 
cryftalline  ftate,  is  called  fublimation.  The 
fublimatory  veffels  are  of  glazed  earthen 
ware,  or  earthen  cucurbits,  with  glafs  heads, 
or  pots  of  earthen  ware  or  porcelain,  called 
aludels,  arranged  one  above  another  by  the 
infertion  of  perforated  necks  within  each 
other.  Sulphur,  arfenic,  cinnabar,  and 
many  mercurial  preparations,  fome  vegetable 
matters,  and  in  particular,  camphire  and 
flowers  of  benzoin,  are  the  chief  fubflances 
which  are  raifed  in  fublimation. 

Evaporation  is  the  volatilization  of  a  fluid, 
effected  by  heat,  in  order  to  diminifh  the 
fluidity  and  quantity  of  the  refiduum,  and  to 
obtain  the  fixed  falts  it  may  hold  in 
folution.  In  this  vr&y  the  water  of  the  fea 
or  fait  fprings  is  driven  off,  and  the  fait  is 

left. 
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left.  This  operation  is  made  in  broad  veffels 
of  earth,  glafs,  filver,  or  other  metals,  ac- 
cording to  the  nature  of  the  liquids  under 
examination.  Evaporation  is  performed 
with  accefs  of  air,  in  order  that  the  fluid 
intended  to  be  driven  off  may  be  at  liberty 
to  expand  and  be  diffipated,  and  that  this 
may  be  effected  more  quickly  by  virtue  of 
the  diffolvent  power  of  the  air  on  fluids  in 
a  ftate  of  vapour. 

Diflillation  is  an  operation  nearly  of  the 
fame  nature,  but  performed  in  clofed  veffels. 
It  is  intended  to  feparate  the  volatile  from 
the  fixed  principles,  by  means  of  heat. 
Diftillatory  veffels  are  either  alembics  or  re- 
torts :  the  former  confifts  of  an  inferior 
veffel,  called  a  cucurbit,  defigned  to  con- 
tain the  matter  to  be  examined,  and  having  an 
upper  part  fitted  to  it,  called  the  capital 
or  head.  In  this  laft,  the  vapours  are  con- 
denfed  by  the  contact  of  the  furrounding 
air,  or  in  other  cafes  by  the  affiflance  of  cold 
water  furrounding  the  head,  and  contained 
in  a  veffel,  called  a  refrigeratory.  From  the 
lower  part  of  the  capital  proceeds  a  tube, 
called  thenofe,  beakorfpout,  through  which 
the  vapours,  after  condenfation,  are,  by  a 
proper  figure  of  the  capital,  made  to  flow 
into  a  veffel  called  the  receiver,  which  is 
ufually  fpherical.  Thefe  receivers  have  dif- 
ferent names  according  to  their  figure,  being 
called    mattraffes,    ballons,    &c.      Retorts 

are 
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are  a  kind  of  bottle  of  glafs  pottery,  or  me- 
tal, the  bottom  being  fpherical,  and  the 
upper  part  gradually  diminishing  into  a  neck, 
which  is  turned  on  one  fide.  Diftillation  is 
diftinguiihed  into  three  kinds,  by  afcent 
per  afcenfum,  by  defcent  per  defcenfum,  and 
fideways  per  latus.  Thefe  diftin&ions, 
which  are  but  futile,  feem  to  have  been 
taken  from  the  form  of  the  veffels.  Mat- 
ter in  a  ftate  of  vapour  always  tends  to 
rife;  but  diftillation  by  alembics  has  beea 
called  per  afcenfion,  becaufe  the  capital  be- 
ing immediately  about  the  body,  the  va- 
pours rife  in  an  obvious  manner.  The  dif- 
tillation by  retorts  has  been  called  per  latus, 
becaufe  the  neck  of  the  retort  comes  out  at 
the  fide  of  the  apparatus.  As  to  the  dif- 
tillation per  defcenfum,  it  is  an  unfkilful 
and  ill-contrived  operation,  which  is  no 
longer  ufed,  becaufe  its  products  are  for  the 
moft  part  loft,  and  thofe  which  are  obtained 
are  in  a  foul  and  imperfect  ftate.  It  was 
performed  by  placing  fome  vegetable  fub- 
flance  on  a  cloth  extended  over  the  mouth 
of  a  glafs  veffel  containing  fome  water  ->  on 
this  was  laid  a  metal  diih  containing  live 
coals.  In  this  way  feveral  odoriferous  mat- 
ters were  in  the  ancient  pharmacy,  and  for 
perfumer's  ufe,  diftiiled  to  obtain  their  ef- 
fential  oil.  The  product  pafled  through  the 
linen,  and  was  condenfed  by  the  water  ;  but 
the  greateft  part  made  its  efcape  between  the 

cover 
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cover  and  the  cloth.  A  diftinftion  relating  to 
the  manner  of  heating  bodies  intended  to  be 
diftilled  is  much  more  neceflary  to  be  made, 
than  thofe  we  have  been  fpeaking  of.  The 
water  bath,  the  vapour  bath,  the  fand  bath, 
the  bath  of  afhes,  confift  of  thefe  fubftances 
contained  in  proper  veflels  over  the  fire.  In 
thefe  the  diftillatory  veflels  are  plunged,  and 
are  by  that  means  kept  at  a  more  determined 
and  equal  heat.  The  naked  fire  is  alfo  ufed 
in  diftillations,  as  is  alio  the  flame  of  a 
lamp,  or  of  fpirit  of  wine. 

Rectification  is  a  fecond  diftillation,  in 
which  fubftances  are  purified  by  their  moft 
volatile  parts  being  raifed  by  heat  carefully 
managed.  Thus  fpirit  of  wine,  ether,  &c. 
are  rectified  by  their  feparation  from  the 
lefs  volatile  and  foreign  matter,  which  al- 
tered or  debafed  their  properties. 

Concentration  is  the  in verfe  of  rectification, 
as  it  is  intended  to  deprive  fixed  fluids  of 
the  water  which  weakens  them,  and  is  driven 
off  on  account  of  its  greater  volatility.  This 
operation  is  ufed  with  certain  acids,  and  par- 
ticularly the  vitriolic  and  phofphoric,  and 
alfo  with  folutions  of  alkaline  and  of  neutral 
falts. 

Digeftion  is  an  operation  in  which  fuch 
matters,  as  are  intended  to  aft  flowly  on  each 
other,  are  expofed  to  a  flow  heat  continued 
for  a  long  time.  It  is  particularly  ufed  in 
the  extraction  of  fuch  parts  from  vegetables 

as 
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as  are  foluble  in  fpirit  of  wine.  The  an- 
cient chemifts  held  this  procefs  in  great  efti- 
mation.  Though  this  confidence  feems  well 
founded  in  confideration  of  the  change  which, 
after  ftrict  examination,  it  is  found  that  moil 
vegetable  and  animal  fubftances  undergo  by 
a  too  powerful  heat,  yet  it  is  not  carried  to 
that  enthufiafm  which  the  alchemifts  mewed 
in  their  purfuits.  Thefe  men,  with  more 
affiduity  and  labour  than  their  pretended  art 
deferved,  made  digeftions  of  many  years  du- 
ration, and  believed  by  that  means  that  it 
would  be  in  their  power  to  work  a  great 
number  of  miracles.  Digeftion  is  now  con- 
fined to  the  preparing  of  tinctures,  elixirs, 
cordials,  and  it  is  fuccefsfully  ufed  in  the 
extractions  of  vegetable  or  animal  principles 
without  alteration.  It  is  likewife  ufed  to 
advantage  in  feveral  proeeifes  with  minerals. 

Infuiion  is  a  procefs  well  known.  It 
confifts  in  pouring  water  of  any  required 
degree  of  temperature  on  fuch  fubftances  as 
have  a  loofe  texture,  as  thin  bark,  wood  in 
fhavings  or  fmall  pieces,  leaves,  flowers,  5cc. 
It  is  very  ufeful  in  feparating  the  moft  fo- 
luble parts  of  thefe,  and  is  applied  in  a  great 
number  of  chemical  operations. 

Decodlion,  or  continued  ebullition  with 
water,  is  employed  to  feparate  fuch  parts  of 
bodies  as  are  only  foluble  at  this  degree  pi 
heat.  It  greatly  alters  vegetable  and  Ani- 
mal matters,  coagulates  the  lymph,  *melts 
•     Vol.  I.  L  the 
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the  fats  and  refins,  hardens  fibrous  parts  ; 
and  is  advantageoufly  ufed  in  chemical  ope- 
rations, by  fuch  as  are  acquainted  with  its 
effects. 

Lixiviation,  is  the  operation  of  diffblving 
or  extracting,  by  the  help  of  hot  water,  the 
faline  matter  contained  in  the  afhes  of  plants, 
or  the  refidues  of  diftillation,  or  combuftion, 
or  of  coals,  or  natural  earths  intended  to  be 
analyzed.  This  operation,  therefore,  no- 
thing more  than  a  folution  by  the  affiftance 
of  heat,  and  does  not  differ  from  infufion, 
except  in  the  particular  application  of  the 
latter  to  vegetable  and  animal  matters,  while 
the  former  is  applied  to  fubftances  that  have 
the  properties  of  minerals. 

Such  are  the  different  operations  per- 
formed in  chemiftry,  by  the  affiftance  of 
fire :  and  as  nothing  was  formerly  done 
without  this  agent,  this  fcience  was  then  no 
more  than  an  art,  and  was  called  Pyrotech- 
nia.  At  prefent  it  is  much  lefs  ufed,  in 
confequence  of  the  difcovery  of  more  cer- 
tain methods  of  analyfing  natural  fubftan- 
ces. The  action  of  folvents  or  menftruums 
employed  without  the  application  of  any 
heat  beyond  the  temperature  of  the  air,  is 
fufficient  to  effect  the  moft  lingular  changes, 
and  is  productive  of  clear  and  valuable  de- 
ductions. This  method  is  purfued  with 
fuccefs  in  the  examination  of  falts,  earth, 
mineral  waters,  vegetable  matters,  &c.  Heat 

is 
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is  now  regarded  only  as  an  auxiliary  agent, 
by  which  combinations  are  forwarded.  As 
it  is  employed  in  different  degrees,  it  would 
be  a  valuable  acquifition,  if  we  knew  how  to 
apply  it  with  uniform  intenfity.  A  furnace 
of  this  kind  has  long  been  a  defideratum 
among  chemifts,  and  the  manipulations  of 
artifls  have  hitherto  been  the  only  guide 
to  the  chemift,  but  it  is  impoffible  by 
this  means  to  have  the  degree  of  preci- 
sion fo  much  to  be  defired.  It  is  faid, 
that  a  furnace  of  this  kind  has  been  con- 
structed in  England.*  We  have  not  yet 
received  fufficient  information  on  this  fub- 
ject,  to  enable  us  to  conftruct  the  like  j  but 
if  it  be  true,  that  fuch  a  difcovery  has  been 
made,  chemiftry  will  be  much  improved  by 
its  confequences,  and  we  need  not  doubt  its 
fpeedy  adoption  in  France. 

*  I  know  of  none  fuch :  but  it  is  probable  that  the  uti- 
lity of  Wedgwood's  thermometer  in  mewing  the  variations 
of  the  higher  degrees  of  heat,  and  by  that  means  directing 
the  artift  to  raife  or  lower  his  fire  by  the  ufual  methods,  has 
given  rife  to  this  report.     T. 
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CHAP.       VI. 

Concerning  the  Air. 

'"TpHE  air  is  an  invifible,  inodorous,  in- 
■*'  fipid,  elaftic,  fluid,  eafily  put  in  mo- 
tion, capable  of  rarefaction  and  conden- 
fation,  which  furrounds  our  globe  to  a  cer- 
tain height,  and  is  called  the  atmofphere. 
The  atmofphere  is  far  from  being  intirely 
compofed  of  fuch  air.  As  it  receives  all  kinds 
of  vapours  that  rife  from  the  earth,  it  may- 
be confidered  as  a  chaos,  whofe  parts  are  very 
difficult  to  be  known.  We  mall  fee,  how- 
ever, that  this  inquiry  has  been  profecuted 
with  considerable  fuccefs.  Water,  mineral 
exhalations,  and  the  elaftic  fluids  difengaged 
from  various  fubftances,  are  continually  rif- 
ing  into  the  atmofphere,  and  conftitute,  as 
it  were,  its  different  elements.  The  hiftory 
of  the  atmofphere  confifts  of  that  of  its  di- 
menfions,  which  is  not  yet  afcertained  with 
precifion ;  of  the  changes  it  experiences  in 
weight ;  of  the  denfity,  temperature,  and 
other  properties  of  its  feveral  ftrata;  of  the 
effects  of  its  rarefaction  and  dilatation  ;  of 
winds,  and  of  meteors.  All  thefe  objects 
belong  to  that  part  of  natural  philofophy 

which 
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which  is  called  meteorology,  and  does  not 
come  within  our  intended  limits :  but  as  the 
air  has  a  lingular  influence  on  all  chemical 
phenomena,  and  it  cannot  but  be  of  confe- 
quence  to  know  in  what  refpects  this  is  ex- 
erted, we  fhall  here  pay  fome  attention  to  its 
phyfical,  as  well  as  its  chemical  properties. 

§  1.  Concerning  the  Phyfical  Properties 
of  the  Air. 

We  regard  the  fluidity,  its  invifibility  or 
extreme  tranfparency,  its  want  of  tafte  or 
fmell,  its  gravity  and  its  elafticity,  as  the 
phyfical  properties  of  air.  Each  of  thefe 
requires  to  be  attended  to  feparately. 

The  rarity  of  the  air  is  fuch,  that  it  eafily 
gives  place  to  the  fmalleft  impulfe.  The 
rarity  and  fluidity  depend  on  its  peculiar 
ftate  of  aggregation  ;  and  as  the  fame  ftate  is 
found  in  other  fubflances  not  of  the  fame 
nature  as  the  air  of  the  atrnofphere,  fuch 
fubflances  are  termed  aeriform  fluids.  It  is 
the  diftinguifhing  criterion  of  this  ftate  of 
aggregation,  that  bodies  poffefiing  it  do  not 
aiTume  the  folid  ftate  by  mere  cold,  as  moft 
liquid  fubflances  do.  The  fluidity  of  the 
air  renders  it  fufceptible  of  thofe  rapid  mo- 
tions of  its  parts,  which  are  called  winds. 
It  is  not,  however,  of  that  fubtlety,  as  to  pais 
through  the  pores  of  many  bodies.  Tranf- 
parent  fubflances,  through  which  light  p.. 
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with  extreme  facility,  are  not  penetrable  by 
air.  Water,  faline  folutions,  oils,  and  fpirit 
of  wine  pafs  through  a  great  number  of  bo- 
dies, whofe  texture  is  not  penetrable  by  air.* 
It  has  not  that  property  by  which  liquids 
infinuate  themfelves  into  the  pores  of  certain 
bodies,  and  caufe  them  to  expand. 

Air  included  in  veflels  is  perfectly  invi- 
fible.  It  is  not  at  all  diftinguifhable  by  the 
eye  from  a  vacuum.  The  great  facility 
with  which  it  fuffers  the  rays  of  light  to 
pafs  through  its  fubftance,  is  the  caufe  of 
this.  It  is  confequently  colourlefs,  though 
fome  philofophers  have  thought  its  large 
maffes  were  blue.-j- 

The  air  has  always  been  fuppofed  to  be 
perfectly  infipid.  But  if  we  attend  to  the 
confequences  of  this  fluid  touching  any  bare 
nerve  of  an  animal,  as  is  the  cafe  in  wounds 
and  other  fimilar  circumftances,  we  may 
conclude  that  it  has  a  kind  of  fapidity,  which 

*  This  may  be  true  ;  but  it  has  never  been  proved  in 
the  mod  fatisfa£tory  manner;  namely  by  the  condenfer.  T. 

t  Colourlefs  fluids  appear  to  reflect,  the  light  in  the  or- 
der of  its  reflexibility,  and  will  therefore  appear  of  a  dif- 
ferent tinge,  accordingly  as  they  are  viewed  by  reflected  or 
tranfmitted  light.  Thus  the  air  is  either  red,  orange,  or 
yellow,  according  to  its  thicknefs,  as  is  feen  by  the  colour 
of  the  clouds  illuminated  at  fun-fet  by  this  tranfmitted 
light  ;  the  green,  blue,  indigo,  and  violet  rays  being  more 
reflexible,  are  turned  back,  and  exhibit  the  fky  blue.  Wa- 
ter has  a  fimilar  appearance  when  in  large  mafTes.  The 
fea  by  reflection  is  blue,  but  by  tranfmiflion  is  red,  as 
Halley  obferved  in  the  diving  bell,     T. 

habit 
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habit  has  probably  rendered  infenfible.  In 
fact,  the  expofure  of  wounds  to  the  air  is 
often  attended  with  very  acute  pain.  The 
infant,  at  the  inftant  of  its  birth,  fufficiently 
fhews,  by  its  cries,  the  difagreeable  impref- 
iion  this  contact  occafions.  This  kind  of 
acrimony  in  the  air  appears  to  be  the  caufe 
of  that  difficulty  with  which  wounds  cica- 
trize, if  not  kept  covered  ;  and  a  fimilar  ef- 
fect is  obfervable  in  vegetables,  whofe  bark 
is  cut  away. 

The  air  is  perfectly  inodorous,  and  in 
thofe  cafes,  in  which  a  fort  of  fetid  fmell  is 
perceived,  it  is  eafily  accounted  for,  by  at- 
tention to  the  foreign  bodies  interfperfed 
through  it,  as  mifts,  vapours. J 

The  weight  of  the  air  is  one  of  the  mod 
valuable  difcoveries  in  natural  philofophy. 
It  was  not  well  eftablifhed  till  about  the 
middle  of  laft  century,  though  it  is  affirmed, 
that  Ariftotle  knew  that  ||  a  bladder  is  hea- 
vier when  full  of  air,  than  when  empty. 
The  ancients  had  no  idea  of  the  weight  of 
the  air;  but  attributed  all  the  phenomena 
arifing  from  that  weight  to  an  occult  quality 

%  The  fmell  of  electricity  is  often  perceived  by  fedentary 
people,  when  they  go  into  the  open  air.     T. 

||  It  is  not  eafy  to  conjecture  what  may  have  occafioned 
Boyle's  miftake  in  repeating  this  experiment.  He  found 
the  bladder  lighter  when  empty  than  when  blown  up.  This 
certainly  cannot  be ;  for  the  air  in  the  bladder  acting  only 
by  its  refidual  gravity  in  air  (which  is  nothing)  could  not 
cauie  any  preponderance.     T. 
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they  called  the  horror  of  a  vacuum.  The 
impoflibility  of  raifing  water  by  the  com- 
mon pump  to  a  greater  height  than  thirty- 
two  feet,  engaged  certain  workmen  to  con- 
fult  the  famous  Galileo,  who  was  greatly 
furprifed  at  the  fact.  Death,  in  all  proba- 
bility, prevented  his  fagacity  from  discover- 
ing the  true  caufe  of  this,  which  was  re- 
ferved  for  his  difciple  Torricellius.  He  was 
led  to  it  by  the  following  reafoning :  The 
water  appeared  to  him  to  rife  in  the  fucking 
pump  folely  in  confequence  of  an  exterior 
caufe,  which  by  preffure  obliged  it  to  follow 
the  piflon.  The  action  of  this  caufe  is  evi- 
dently limited,  as  appears  by  its  fuftaining 
a  column  of  no  more  than  32  feet  of  water. 
If,  therefore,  it  were  to  act  on  a  fluid  fpeci- 
fically  heavier  than  water,  it  ought  to  raife 
and  fuftain  to  a  height  inverfely  as  its  fpeci- 
fic  gravity.  From  thefe  reflections  he  was 
induced  to  take  a  tube  of  glafs  hermetically 
fealed  at  one  end,  and  thirty- fix  inches  in 
length.  He  filled  this  with  mercury,  the 
doled  end  being  downwards  •  then  clofing 
the  extremity  with  his  finger,  he  raifed  the 
other  end  uppermoft,  and  plunged  the  un- 
fealed  end  beneath  the  furface  of  a  veffel  of 
mercury.  Upon  removing  his  finger,  he  ob- 
ferved  the  mercurial  column  to  defcend,  till 
after  feveral  ofcillations  its  upper  furface  re- 
mained at  reft  at  twenty-eight  inches  above 
the  furface  of  the  mercury  in  the  bafon.    By 
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comparing  this  height  with  the  height  of 
thirty-two  feet,  to  which  water  is  raifed  in 
pumps,  he  found  it  correfponded  accurately 
to  the  inverfe  ratio  of  the  velocities.  For 
the  fpecific  gravity  of  mercury  and  water 
being  in  round  numbers,  as  14  to  1,  the 
mercury  was  found  to  ftand  in  the  vacuum 
at  only  one  fourteenth  of  the  height  of  the 
water.  It  was  not  till  after  much  medita- 
tion, that  he  fufpefted  the  weight  of  the  air 
to  be  the  caufe  of  the  fufpenfion  of  water  in 
pumps  ;  and  this  doctrine  was  not  incontro- 
vertibly  eftablifhed  in  France,  till  after  the 
ingenious  experiment  of  Pafcal  in  that  king- 
dom. 

This  celebrated  philofopher  imagined, 
that  if  water  were  iuitairied  at  the  height  of 
thirty-two  feet  in  pumps,  and  mercury  at 
twenty-eight  inches  in  the  Torricellian  tube 
by  the  fole  gravity  of  the  air,  the  heights  of 
thefe  fluids  ought  to  vary  with  that  gravity ; 
that  they  ought  not,  for  example,  to  be  the 
fame  on  the  top  of  a  mountain  and  in  a  val- 
ley, becaufe  the  length  of  a  column  of  the 
atmofphere  muft  be  fhorter,  and  confe- 
quently  its  weight  lefs  in  the  former  than 
in  the  latter  cafe.  In  purfuance  of  this  idea 
of  Pafcal,  M.  Perrier  on  the  19th  of  Sep- 
tember, 1648,  at  the  foot  and  at  the  fum- 
mit  of  the  mountain  Puits  de  Dome  in  Au- 
vergne,  made  the  famous  experiment,  which 
has  for  ever  fixed  the  opinion  of  philofophers 

on 
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on  this  fubjedr.  The  barometer,  or  Torri- 
cellian tube  filled  with  mercury,  and  fixed 
to  a  fcale  of  thirty-four  inches,  divided  into 
inches  and  lines,  fhewed  a  fall  or  diminu- 
tion of  the  mercurial  column  equal  to  four 
inches,  in  afcending  from  the  foot  of  the 
mountain  to  its  fummit,  which  is  five  hun- 
dred toifes  higher.  It  was  therefore  clear, 
that  a  column  of  air  of  that  length,  is  equal 
in  weight  to  four  inches  of  mercury  ->  and 
fubfequent  experiments  and  inquiries  con- 
cerning the  changes  of  denfity  of  the  feveral 
parts  of  the  column  of  air,  have  been  at- 
tended with  fuch  fuccefs,  that  the  barome- 
ter is  now  one  of  the  moft  ufeful  inftruments 
for  meafuring  elevations. 

The  weight  of  the  air  has  great  influence 
on  a  number  of  phyfical  and  chemical  phe- 
nomena. It  compreffes  all  bodies,  and  op- 
pofes  their  dilatation.  It  is  an  obftacle  to  the 
evaporation  of  fluids.  The  water  of  the  fea 
is  by  this  caufe  preferved  in  its  liquid  flate, 
without  which  it  would  take  the  vaporous 
form,  as  we  fee  in  the  vacuum  of  the  air 
pump.  The  preffure  of  the  air  on  our  bo- 
dies preferves  the  flate  both  of  the  folids 
and  fluids  ;  and  from  the  want  of  this  due 
preflure  it  is,  that  on  the  fummits  of  lofty 
mountains  the  blood  often  i flues  from  the 
pores  of  the  fkin,  or  from  the  lungs,  and 
occafions  hemorrhages. 

Laftly,  the  air  is  flrongly  elaftic.     It  is 

capable 
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capable  of  being  very  much  condenfed,  and 
fuddenly  regains  its  former  ftate  when  at  li- 
berty. A  great  number  of  facts  prove  the 
truth  of  this  affertion.  We  fhall  here  men- 
tion one  or  two  of  the  moft  obvious,  and 
conclufive.  If  mercury  be  poured  into  a 
tube  in  the  form  of  the  letter  U,  and  clofed 
at  one  end,  the  air  in  the  clofed  end  will 
contract  in  its  dimenfions,  in  proportion  as 
the  quantity  of  mercury  by  which  it  is  com- 
prefled  is  greater.  The  foot-ball  of  chil- 
dren, confifting  of  a  bladder  filled  with  wind, 
and  inclofed  in  leather,  ihews  the  fame  elaf- 
ticity  by  its  rebounding  when  it  falls  on 
hard  bodies.  The  fountain  by  compreffed 
air  fhews  the  fame  thing.  This  is  a  veffel 
half  filled  with  water,  and  air  is  ftrongly 
compreffed  into  its  fuperior  part  :  the  re- 
action of  the  air  on  the  water  forces 
it  out  to  a  confiderable  height  through  a 
tube.  Laftly,  the  wind  gun,  whofe  effects 
are  well  known,  owes  thofe  effects  to  the 
fame  property.  It  is  eftimated  that  air  may 
be  compreffed  into  the  128th  of  its  ufual 
volume. 

Heat  producing  a  contrary  effect  to  that 
of  compreffion  upon  air,  ferves  to  (hew.,  that 
its  volume  may  be  exceedingly  augmented  by 
the  increafe  of  its  fpring.  When  a  bladder 
full  of  air  is  expofed  to  the  heat  of  a  furnace, 
the  air  is  dilated  fo  as  to,  burft  the  bladder 
with  an  explofion.      This  phenomenon  is 

partly 
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partly  the  occafion  of  the  burfting  of  che- 
mical veflels,  which  often  happens  where 
due  precautions  are  not  taken  to  prevent  it. 
The  abfence  of  the  preffure  of  the  atmo- 
fphere,  or  the  total  abftradtion  of  the  circum- 
ambient air  from  beneath  the  receiver  of  an 
air  pump,  caufes  a  bladder  inclofed  therein 
to  burft  by  the  fpring  of  the  included  air, 
which  then  acts  without  oppofition. 

From  this  account  of  the  gravity  and  the 
elafticity  of  the  air,  it  may  be  readily  in- 
ferred, that  thefe  properties  are  the  leading 
caufes  of  the  numerous  atmofpherical  changes, 
and  the  variations  in  the  mercurial  column 
in  the  barometer.  In  fact,  the  inferior  ftrata 
of  the  atmofphere  muft  fuftain  the  weight  of 
the  air  above  them,  and  are  therefore  in  a 
ftate  of  compreffion,  which  diminishes  with 
the  greater  elevation  of  places :  and  the  con- 
tinual change  of  temperature  muft  alfo 
greatly  affect  the  gravity  of  the  air  by  aug- 
menting or  diminiming  its  elafticity.  Thus, 
as  we  have  already  noticed,  the  air  is  lighter 
on  the  tops  of  mountains  than  in  lower  re- 
gions ;  and  it  is  from  the  confideration  of 
the  effects  of  thefe  and  other  changes,  that 
the  barometrical  changes  can  only  be  ac- 
counted for.  M.  de  Luc  has  laboured  more 
affiduoufly  and  fuccefsfully  on  this  impor- 
tant fubject,   than   any  other  philofopher.*" 

*  The  barometrical  meafurcment  of  elevations  has  been. 
Well  treated  of  both  practically  and  fcientifically  by  Sir 
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§  2.  Concerning  the  Chemical  Properties 
of  the  Air. 

The  properties  we  have  defcribed  were 
formerly  the  only  ones  known,  or  treated 
of  by  philoibphers.  But  certain  chemifts, 
at  the  head  of  whom  we  may  place  Van  Hel- 
mont,  Boyle,  and  Hales,  having  perceived 
that  air,  or  at  leaft  a  fluid  poffeffing  all  its 
apparent  properties,  was  obtained  in  the  ana- 
lyiis  of  many  natural  fubflances,  adopted 
the  opinion  that  this  element  combines  with, 
and  becomes  fixed  in  bodies.  Such  is  the 
origin  of  the  term  fixed  air,  which  wTas 
given  to  the  elaftic  fluids  obtained  in  che- 
mical operations.  •  The  early  philofophers 
fuppofed  thefc  fluids  to  be  air;  but  the  dif- 
coveries  of  Dr.  Prieftley  have  fhewn,  that 
there  are  many  bodies  which  have  the  phy- 
fical  properties  of  air,  though  they  differ 
from  it  erTentially  in  many  reipedts.  It  is, 
therefore,  neceflary  to  attend  to  thofe  other 
properties,  in  order  to  diltinguifh  air  from 
other  aeriform  fluids,  which  refefnble  it 
in  elafticity  and  rarity.  Thefe  properties 
are  chemical. 

On  inquiring  into  the  characters  of  air, 
we  find  two  which  are  peculiar  to  it,  and 

George  Shuckburgh  and  Colonel  Roy  in  the  77th  vol.  of 
the  Philofophical  Tranfaftions.     T, 
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well  adapted  to  diftinguifh  it  from  other 
elaftic  fluids.  The  one  is  the  property  of 
promoting  the  combuftion  or  inflammation 
of  bodies  fufceptible  of  that  procefs ;  and 
the  other  is  that  of  maintaining  the  life  of 
animals  that  refpire  it.  Let  us  carefully 
examine  thefe  important  phenomena. 

It  is  very  difficult  to  give  a  good  definition 
of  combuftion.  It  is  a  colle&ion  of  phe- 
nomena, which  certain  bodies  exhibit  when 
heated  with  accefs  of  air ;  the  principal  of 
which  are  the  continuance  or  augmentation 
of  heat,  agitation,  or  inteftine  motion,  the 
emifiion  of  light,  flame,  and  a  total  change 
of  the  matter  burned.  Great  differences  may 
be  obferved  in  combuftible  bodies;  fome 
burn  brifkly  with  a  luminous  flame,  as  oils, 
wood,  refins,  bitumens  ;  others  burn  with- 
out fenfible  flame,  as  many  of  the  metals,  and 
charcoal,  if  well  made;  others  again  are  con- 
fumed  flowly  without  fenfible  ignition, 
though  with  heat,  as  is  feGii  in  certain  me- 
tallic matters.  In  all  thefe  cafes  the  com- 
buftion is  performed ;  and  the  body,  thus 
burned,  cannot  be  again  fubjedted  to  the 
fame  procefs>  and  is  called  either  afhes  or 
calx,  according  to  the  nature  of  the  fubftance. 
The  refidue  of  the  combuftion  is  almoft  al- 
ways heavier  than  the  body  itfelf  was  before  it 
was  burned,  as  is  more  particularly  feen  in 
fuch  as  are  fixed  in  the  fire:  but  fuch  bodies, 
as  contain  volatile  inflammable  matter,  burn 

with 
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with  more  rapidity  than  the  former,  and 
leave  a  refidue  much  lefs  heavy  than  before. 
Oils,  &c.  are  of  this  kind.  But  this  dif- 
tincftion  refpefting  the  weight  of  the  refidue 
is  only  apparent ;  for  the  refidue  in  fad:  is 
in  all  cafes  heavier  than  the  body  itfelf  ori- 
ginally was.  This  important  truth  is  evinced 
by  a  proper  attention  to  the  entire  produdl 
of  the  inflammation.  The  fixed  part  of  a 
body  is  not  the  whole  refidue  ftricftly  con- 
fidered,  for  the  volatile  parts  efcape  into  the 
air ;  and  in  fome  bodies  the  whole  efcapes 
in  this  manner.  Thefe  laft  would  feem  to 
be  annihilated,  if  we  were  not  to  bring  the 
volatile  parts  into  our  account,  which  is  an 
abfurd  pofition  not  to  be  maintained  by  in- 
ference from  any  phenomena.  Thus  we  find 
that  fpirits  of  wine  and  ether  burn  without 
leaving  any  refidue  in  the  veffels  that  con- 
tained them  ;  but  the  matter  they  confifted 
of  is  volatilized  and  difperfed.  But  if  pro- 
per means  be  ufed  to  colled:  the  product,  it 
is  found  that  its  weight  is  greater  than  that 
of  the  original  fluid.  In  this  manner,  M. 
Lavoifier  obtained  eighteen  ounces  of  wa- 
ter by  burning  fixteen  ounces  of  pure  and 
highly  rectified  fpirit  of  wine  under  a  chim- 
ney adapted  to  the  worm-pipe  of  a  dill. 
And  the  fame,  no  doubt,  would  happen  with 
oils,  refins,  6cc.  So  likewife  it  is  not  to 
be  concluded  that  the  allies  of  wood  is  the 
true  refidue  of  the  combuftion,     For  a  part 

of 
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of  this  fubftance  is  diffipated  in  the  air;  that 
which  is  imperfectly  burned,  conftituting 
foot ;  while  another  part  efcaping  into  the 
air  is  condenfed  in  the  form  of  water,  or 
exifts  in  the  form  of  elaftic  fluids  of  various 
kinds.  It  may,  therefore,  be  taken  for  a 
general  truth,  that  the  weight  of  bodies  is 
increafed  by  combuftion. 

The  explanation  of  this  increafe  of  weight 
depends  intirely  on  another  phenomenon  of 
combuftion,  which  muft  be  more  minutely 
inquired  into.  Combuftion  cannot  take 
place  without  the  accefs  of  air,  and  is  al- 
ways carried  on  in  proportion  ?o  the  quan- 
tity and  the  purity  of  that  fluid.  This  ab- 
folute  neceflity  for  the  prefence  of  air  in 
combuftion,  was  fufSciently  evident  to  Boyle 
and  Hales  -,  and  each  of  them  has  propofed 
his  opinion  on  this  fubjecl:.  Boerhaave 
thought  that  the  action  of  air  confifted  in 
its  being  applied  to  the  furface  of  bodies,  and 
feparated  the  particles  fucceflively  from  each 
other.  This  hypothefis  does  not  by  any 
means  fhew  why  the  fame  air  mould  not 
eternally  ferve  to  maintain  combuftion.  M. 
Morveau  fuppofed  this  laft  fact  to  depend  on 
the  too  great  rarefaction  the  parts  of  the  air 
fufFered  by  heat,  in  confequence  of  which 
he  imagined  the  combuftible  body  might 
fuffer  a  compreflion  incompatible  with  the 
flate  of  combuftion.  But  this  explanation 
was  offered  at  a  time  when  the  true  caufe 
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was  entirely  unknown.  M.  Lavoifier,  by 
his  valuable  experiments  on  the  calcination 
of  metals  in  known  and  determinate  quanti- 
ties of  air,  has  proved  the  faft  obferved  long 
ago  by  the  naturalift  John  Ray,  that  a  por- 
tion of  the  air  is  abforbed  during  calcination, 
that  the  metal  acquires  as  much  weight  as 
the  air  lofes,  and  that  the  metallic  calx  really 
contains  this  portion  of  air,  as  is  fhewn  by 
its  difengagement  when  mercury  is  reduced 
by  the  mere  application  of  heat.  Other 
fadls  have  carried  him  ftill  farther.  With 
Prieftley  he  has  obferved,  that  the  air  which 
remains  after  calcination  and  combuftion, 
cannot  be  made  to  ferve  for  new  procefles  of 
the  fame  kind,  but  that  it  extinguimes  bo- 
dies on  fire,  fuffocates  animals,  and,  in  a 
word,  it  is  no  longer  air,  &c.  ;  and  that  the 
diminution  is  in  proportion  to  the  quantity 
of  air  abforbed  by  the  combuftible  body. 
On  the  other  hand,  the  air  obtained  from 
metallic  calces,  is  found  to  be  three  or  four 
times  as  pure  as  that  of  the  atmofphere; 
fince  it  is  not  only  capable  of  maintaining 
combuftion,  but  renders  it  much  more  rapid 
and  perfect  than  ordinary  air  does;  and  a  given 
quantity  of  this  air  will  fuffice  to  the  perfedt 
combuftion  of  three  or  four  times  the  quan- 
tity of  a  like  body,  which  would  be  con- 
fumed  in  an  equal  portion  of  atmofpheric 
air.  This  lingular  fluid,  which  is  obtained 
from  mercurial  calces,  and ,  exifts  likewife 
Vol.  I.  M  in 
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in  the  nitrous  acid,  and  in  nitre,  has  been 
called  dephlogifticated  air,  by  its  difcoverer 
Dr.  Prieftley,  who  fuppofed  it  to  be  a  por- 
tion of  the  air  of  the  atmofphere,  from  which 
the  phlogifton,  (which  according  to  him 
always  exifts  in  the  air)  had  been  taken  away 
and  abforbed  by  the  calx  of  mercury,  which 
is  reduced  in  proportion  as  this  elaftic  fluid 
is  diiengaged  by  heat.  Without  inquiring 
at  prefent  into  the  truth  of  this  theory,  we 
fhall  take  the  liberty  to  obferve,  that  this 
denomination  may  well  be  rejected,  becaufe 
it  leads  to  a  large  field  of  difcuffion  5  and  that 
the  names  of  pure  air,  or  vital  air,  may  with 
great  propriety  be  applied  to  this  fluid;  be- 
caufe  it  is  the  only  fluid  which  ferves  to 
maintain  combuftion  or  refpiration,  and  be- 
caufe  it  is,  to  ufe  an  expreflion  of  M.  La- 
voifier,  air  in  a  much  more  eminent  degree 
than  air  itfelf. 

From  the  confideration  of  the  abfolute 
neceflity  of  air  to  maintain  combuftion  and 
its  prefence  in  metallic  calces,  M.  Lavoi- 
fier  concluded  at  firft  that  combuftion  con- 
lifts  in  nothing  more  than  the  abforption 
of  pure  air  by  the  inflammable  body.  He 
regarded  the  air  of  the  atmofphere,  abftrad:- 
ing  the  water  and  different  vapours  that  float 
therein,  as  a  compound  of  two  elaftic  fluids 
of  a  very  different  nature.  The  one,  which 
is  the  only  and  true  air,  capable  of  main- 
taining 
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taining  combuftion,  by  being  precipitated 
on,  and  uniting  with  bodies,  is  the  pure  or 
vital  air.  It  compofes  from  a  fourth  to  a 
third  part  of  the  atmofphere.  The  other, 
which  is  a  fluid  deftrudtive  to  animal  life, 
and  extinguishes  fire,  constitutes  from  two- 
thirds  to  three-fourths  of  the  atmofphere,  and 
is  called  by  him  atmofpheric  mephitis.  When 
a  combuftible  body  is  fet  on  fire  in  contadt 
with  atmofpherical  air,  the  portion  of  vital 
air  becomes  fixed  in  the  body,  and  the  com- 
buftion  continues  while  this  procefs  is  going 
on  ;  but  as  foon  as  the  whole  of  the  vital 
air  is  abforbed,  it  ceafes.  Therefidue,  thus 
deprived  of  one  of  its  conftituent  parts,  can- 
not ferve  to  maintain  new  combuftions  ;  but 
this  atmofpheric  mephitis  will  regain  the 
properties  it  had  before,  if  a  portion  of  pure 
air  obtained  from  a  metallic  calx,  or  from 
nitre,  be  added  in  the  fame  quantity  as  was 
loft  by  combuftion.  This  ingenious  theory 
propofed  in  1776  and  1777  by  M.  Lavoiiier, 
feemed  to  explain  all  the  phenomena  of  com- 
buftion. It  clearly  accounted  for  the  in- 
creafe  of  weight  in  metallic  calces,  and  the 
extin&ion  of  combuftible  bodies  in  an  air  al- 
ready employed  in  maintaining  combuftion  ; 
but  M.  Lavoifier  has  thought  it  neceflary  to 
modify  it  by  the  addition  of  new  obferva- 
tions  fuggefted  by  his  numerous  experiments. 
The  very  bright  flame  obferved  when  bodies 
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in  combuftion  are  either  plunged  in  vital  air, 
Or  when  it  is  blown  in  a  ftream  on  the  fur- 
face  of  a  body  already  on  fire,  by  the  help  of 
an  ingenious  apparatus  that  philofopher  has 
contrived  for  the  purpofe,  induced  him  to 
inquire  into  its  caufe,  and  whether  it  might 
not  be  caufed  by  the  difengagement  of  phlo- 
gifton  in  the  form  of  fire  at  liberty,  according 
to  the  theory  of  Stahl.  His  attention  to  this 
inquiry  was  the  more  fixed  by  the  confide- 
ration  that  the  celebrated  Macquer,  notwith- 
ftanding  the  new  difcoveries,  had  not  aban- 
doned the  theory  of  Stahl,  but  had  connected 
his  own  theory  with  that  of  the  father  of 
chemical  philofophy.  We  have  fhewn,  that 
Macquer  maintained  the  opinion  that  the 
fixation  of  pure  air  in  combuftible  bodies 
was  performed  only  in  proportion  as  phlo- 
gifton  was  difengaged ;  thefe  fubftances,  ac- 
cording to  him,  being  transferred  by  double 
affinity.*  M.  Lavoifier,  obferving  that  the  lu- 
minous appearance  of  the  flame  we  have  fpoken 
of,  (and  which  too  clearly  evinces  the  prefence 
of  light,  or  the  matter  of  fire  in  action,  to  ad- 
mit of  controverfy,)  feemed  rather  to  environ 
or  furround  the  combuftible,  than  to  be  dif- 
engaged from  it,  adopted  the  opinion  that 
the  matter  of  fire  or  heat  is  feparated  from 
the  pure  or  vital  air,  in  proportion  as  the 
body  burns  and  abforbs  a  part  of  it.     He 

*  See  p.  146, 
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now  thinks,  (as  far  as  his  learned  converfa- 
tion  and  certain  details  in  his  papers  in  the 
Memoirs  of  the  Royal  Academy  of  Sciences 
have  given  me  to  underftand,)  that  pure  air, 
as  well  as  every  other  aeriform  fluid,  is  com- 
pounded of  a  peculiar  principle,  and  the 
matter  of  heat  or  fire,  to  which  laft  it  owes 
its  aerial  form ;  that  it  is  decompofed  in 
combuftion,  one  of  its  principles,  whofe 
nature  he  does  not  at  prefent  well  under- 
ftand, uniting  with  the  combuftible  body, 
and  by  that  means  changing  its  nature  and 
adding  to  its  weight,  while  the  matter  of 
fire  is  difengaged  in  the  form  of  light.  So 
that  what  Stahl  attributes  to  the  combufii- 
ble body,  M.  Lavoifier  afcribes  to  the  pure 
air  ;  it  being  this  laft  which  burns,  if  com- 
buftion be  made  to  confift  in  the  difengage- 
ment  of  fire.  As  to  the  other  principle,  which, 
when  united  to  the  matter  of  fire,  conftitutes 
pure  or  vital  air,  though  M.  Lavoilier  has 
not  yet  intirely  difcovered  its  nature,  yet  as 
it  is  afcertained  that  it  almoft  always  forms 
acids  by  combining  with  combuftible  bodies, 
he  has  called  it  the  oxyginous,  or  acidifying 
principle.  It  is  this  which  produces  the 
fulphureous,  vitriolic,  cretaceous,  arfenical, 
phofphoric,  &c.  acids  in  the  combuftion  of 
fulphur,  charcoal,  regulus  of  arfenic,  phof- 
phorus,  6cc.  it  being  one  and  the  fame  fub- 
ftance  in  all  thefe.  It  is  to  be  obferved, 
that  in  this  new  theory,  the  pure  or  vital 
M  3  air 
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air  procured  from  metallic  calces  was  not 
contained  in  them  completely  formed,  but 
is  obtained  from  them,  becaufe  the  acidify- 
ing principle  combines  with  the  matter  of 
heat  or  light  which  pafles  through  the  vef- 
fels,  the  calx  of  mercury,  &c.  is  heated  in. 

Such  is  at  prefent  (Odt.  1784)  the  ftate  of 
the  fcience  of  chemiftry,  with  regard  to  the 
nature  of  air,  and  its  influence  in  combuf- 
tion.  We  mail  not,  for  our  part,  take  any 
decifive  part  in  the  theories  we  have  explain- 
ed, but  mall  adhere  to  the  province  of  the 
hiftorian,  as  in  the  firft  edition  of  our  ele- 
ments. It  is  enough  that  we  have  (hewn 
the  abfolute  neceffity  of  air  in  combuftion, 
and  its  concomitant  phenomena,  whether 
they  arife  more  immediately  from  the  nature 
of  air,  or  of  the  combuftible  body. 

Refpiration  is  a  phenomenon  very  analo- 
gous to  combuftion.  Like  combuftion  it 
decompofes  the  air  :  it  can  only  be  carried 
on  in  proportion  to  the  quantity  of  pure  or 
vital  air  which  is  prefent,  and,  when  all  that 
air  is  deftroyed,  animals  periftYin  the  me- 
phitic  air  which  remains.  It  is  a  flow  com- 
buftion, in  which  the  matter  of  fire,  whe- 
ther it  be  derived  from  the  pure  air  accor- 
ding to  the  opinion  of  M.  Lavoifier,  or 
whether  it  comes  from  the  animal  fluids,  as 
the  theory  of  Macquer  would  affirm,  does 
hot  appear  under  the  luminous  appearance 
of  flame,  but  enters,  as  it  fhould  feem,  into 

a  new 
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a  new  combination,  which  produces  heat. 
Moreover,  this  inviiible  and  infenfible  dis- 
engagement of  the  matter  of  fire  in  refpira- 
tion,  reiembles  thofe  flow  combuftions  un- 
attended with  flame,  when  metals  are  cal- 
cined. The  analogy  between  refpiration  and 
combuftion  is  evident  from  heat  being  pro- 
duced by  the  fame  means  in  both.  This 
heat  is  communicated  to  the  blood  in  its 
paffage  through  the  lungs,  and  is  diftributed 
by  communication  through  the  whole  ani- 
mal fyftem,  fo  as  to  maintain  the  due  degree 
of  heat,  which  would  otherwife  be  quickly 
condudted  off  by  the  atmofphere,  and  fur- 
rounding  bodies.  Meff.  Lavoifier,  and  de 
la  Place,  have  difcovered  a  fecond  ufe  of  air 
in  refpiration,  namely,  to  abforb  a  principle 
that  exhales  from  the  blood,  which  they  call 
the  bafe  of  fixed  air,  and  which,  if  Supera- 
bundant, would  be  very  prejudicial  to  the 
vital  functions. 

The  formation  of  fixed  air,  or  cretaceous 
acid,  which  takes  place  in  the  pure  or  vital 
air  breathed  by  animals  inclofed  in  a  proper 
apparatus,  as  was  done  by  the  two  learned 
academicians  above  cited,  clearly  fhews  the 
dangerous  confequences  that  may  arife  from 
clofe  places  too  much  crouded,  as  theatres, 
hofpitals,  prifons,  the  internal  part  of  vef- 
fels,  &c.  and  the  noxious  effedis,  which 
air  vitiated  by  refpiration  produces  on  per- 
M  4  fons 
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fons  of  delicate  conftitutions,  are  no  longer 
to  be  wondered  at. 

We  fee,  therefore,  that  two  leading  phe- 
nomena tend  continually  to  vitiate  and  de- 
compofe  the  air  which  furrounds  our  globe. 
Thefe  are  combuftion  and  refpiration.  This 
fluid  would  foon  be  rendered  unfit  for  the 
maintenance  of  thefe  natural  proceffes,  if 
there  were  not  other  phenomena  capable  of 
reftoring  vital  air  to  the  atmofphere,  in  the 
place  of  that  which  is  continually  abforbed 
and  loft.  We  fhall  fee,  in  the  third  part  of 
thefe  elements,  that  vegetables  poflefs  very 
extended  organs,  deftined  by  nature  to  pour 
forth  this  vital  air  into  the  atmofphere,  when 
the  rays  of  the  fun  adt  upon  them.  Water 
itfelf  appears  to  perform  the  fame  office,  as 
we  fhall  explain  more  largely  in  the  follow- 
ing chapter. 


CHAP.     VII. 
Concerning  Water. 

WAter  has  always  been  regarded  as  an 
element  of  great  confequence  in  moft 
natural  phenomena,  capable  of  afluming 
a  great  number  of  forms,  of  entering  in- 
to numerous  combinations,  unalterable  in 
itfelf,  and  recovering  its  firft  ftate.      But 

the 
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the  refearches  of  M.  Lavoifier  have  fhewn, 
that  water,  as  well  as  air,  is  formed  of  prin- 
ciples of  greater  fimplicity,  which  may  be 
obtained  feparate  from  each  other.  This 
important  difcovery  constitutes  one  of  the 
moft  brilliant  epochas  of  chemiftry.  We 
mall  fee,  in  the  courfe  of  this  chapter,  the 
methods  ufed  by  this  celebrated  chemift,  in 
his  analyfis  of  water;  but  we  muft  firft  con- 
fider  the  phyfical  properties  of  this  fubftance. 

§  1.     Concerning  the  Phyfical  Properties  of 
Water. 

Natural  philofophers  define  water  to  be 
an  infipid,  ponderous,  tranfparent,  colour- 
lefs,  and  highly  fluid  body,  fufceptible  of 
the  different  ftates  of  aggregation,  from  fo- 
lidity  to  that  of  elaftic  vapour. 

It  is  found  in  almoft  every  natural  body: 
there  are,  notwithstanding,  many  fubftances 
with  which  art  cannot  unite  it,  though  this  is 
continually  done  in  nature.  It  is  obtained 
from  wood,  and  the  moft  folid  bones.  It  exifts 
in  the  hardeft  and  moft  compact  calcareous 
ftones,  and  forms  the  greater  part  of  the 
fluids,  and  a  confiderable  proportion  of  the 
folid  parts  of  animal  bodies.  Thefe  are  the 
facts  that  have  occafioned  it  to  be  reckoned 
among  the  number  of  elements. 

The  naturalift  confiders  water  as  exifting 
in  large  maffes,  and  filling  the  cavities  or 
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deprefled  places  on  the  furface  of  the  earth. 
Its  natural  hiftory  comprehends  that  of  the 
ice,  which  is  eternally  exifting  on  the  tops 
of  mountains,  and  in  the  polar  regions,  of  the 
leas,  lakes,  rivers,  and  brooks,  of  the  clouds, 
hail,  fnow,  rain,  mifts,  &c.  It  is  dirtinguifhed 
into  terreftrial  and  atmofpheric  waters,  and  its 
motion  or  tranfitions  become  a  fubjedt  of  me- 
teorological inquiry.     It  fuccefiively  paries 
from  the  furface  of  the  globe  into  the  at- 
mofphere,  and  from  the  atmofphere  to  the 
mountains,  where  it  is  condenfed  into  ftreams 
that  are  the  origin  of  fprings  and  rivers,  by 
which  it  directs  its  courfe  to  the  grand  refer- 
voir,  the  fea.     When  we  attend  to  the  phe- 
nomena of  this  immenfe  body  of  water,  and 
obferve  its  agitation  by  winds,  its  libratory 
motion   or   alternate   rife    and   fall   on   the 
coafts   called    the  tides,    and    its   currents ; 
when  we  perceive  the  erTe&s  of  thefe  and  other 
motions,   by  which  mountains  are  gradually 
formed,  harbours  in  fome  places  deftroyed, 
inundations  produced  in  others,   and   other 
coafts  again  left  dry  -y  when  we  behold  iflands 
rifing  from  the  bottom  of  the  fea,  and  others 
fubmerged;  we  cannot  but  acknowledge  that 
water  is  one  of  the  moft  powerful  agents  in 
nature.     If  we  tranfport  ourfelves  in  ima- 
gination into  the  vail  recefTes  of  the  interior 
parts  of  the  earth,  we  fhall  again  meet  this 
element  afting  in  filence  in  the  formation  of 
falts  and  cryftals,   and  depoliting  them  in 
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the  clefts  of  the  rocks.  Thefe  great  fub- 
jedts  form  a  part  of  the  natural  hiftory  of 
water;  but  they  cannot  be  properly  explain- 
ed, till  the  phyfical  and  chemical  proper- 
ties of  this  fubftance  have  been  treated  of. 

The  moft  ftriking  property  of  water  is,  its 
quality  of  affuming  the  feveral  ftates  of  foli- 
dity,  'fluidity,  or  vapour.  Let  us  coniider 
each  of  thefe  modifications. 

Concerning  Water  in  the  State  of  Ice. 

Ice  feems  to  be  water  in  its  natural  ftate. 
For  the  natural  ftate  of  a  body  chemically 
confidered,  is  that  in  which  it  has  the 
ftrongeft  poffible  aggregation.  But  as  water 
is  moft  abundantly  found  in  the  fluid  ftate, 
this  laft  has  been  conftantly  regarded  as  the 
natural  ftate  of  water. 

The  formation  of  ice  is  attended  with  fe- 
veral concomitant  circumftances,  which  well 
deferve  to  be  confidered. 

1 .  A  heat  of  fome  degrees  is  produced  in 
water  by  the  aft  of  freezing,  as  is  always 
the  cafe  when  a  fluid  body  becomes  folid. 
A  thermometer  plunged  in  water  beginning 
to  freeze  will  indicate  fome  degrees  of  tem- 
perature above  the  freezing  point,  though 
another  thermometer  placed  in  open  air  fuf- 
ficiently  cold  to  freeze  water,  will  always 
ftand  either  at  the  freezing  point,or  below  it. 
It  fellows,  therefore,  that  a  portion  of  the  heat 
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which  was  fixed  in  the  liquid  water  is  dif- 
engaged  when  it  becomes  conne&ed  into  a 
folid ;  and  accordingly  we  find  the  fpecific 
heat  of  ice  inferior  to  that  of  water.  The 
fame  heat  is  obfervable  in  the  cryftallization 
of  falts. 

2.  The  accefs  of  air  favours  the  produc- 
tion of  ice.  Water  in  a  well  clofed  veffel 
freezes  very  flowly ;  but  if  the  veffel  be 
opened,  it  freezes  much  more  quickly,  and 
fometimes  in  the  inftant  of  expofure  to  the 
contact  of  the  air.  This  phenomenon  is 
fimilar  to  that  which  happens  in  the  cryftal- 
lization of  falts.  Solutions  of  falts  in  clofed 
veffels  exhibit  a  fudden  cryftallization  when 
uncovered. 

3.  A  flight  degree  of  agitation  likewife 
accelerates  this  formation,  in  which  refpedt 
alfo  we  find  a  fimilitude  between  this  and  the 
cryftallization  of  falts.  By  agitating  certain 
faline  folutions  which  do  not  ufually  afford 
cryftals,  it  is  fometimes  found  that  they  are 
by  that  means  produced.  We  have  often 
feen  this  in  folutions  of  nitre,  and  of  calca- 
reous marine  fait.  Thefe  analogies  between 
the  formation  of  ice  and  of  faline  cryftals, 
prove  that  the  former  is  obtained  by  a  true 
cryftallization. 

4.  Ice  feems  to  have  a  greater  bulk  than  the 
water  had  before  it  was  frozen,  and  even 
breaks,  by  its  expanfion,  the  veffels  in  which 
it  is  formed.     It  is  not,  however,  the  water 

itfelf 


ICE.  189 

itfelf  which  has  acquired  a  greater  volume 
in  this  cafe,  but  the  air  which  is  feparated 
from  the  water  during  congelation,  is  the 
true  caufe  of  the  increafe  of  bulk.* 

The  following  are  the  Properties  of  Ice. 

1.  When  (lowly  formed,  its  cryftals  have 
the  figure  of  needles  croffing  each  other  at 
an  angle  of  60  to  120  degrees,  according  to 
the  observation  of  M.  Mairan.  Sometimes 
its  cryftallization  takes  a  determinate  and 
regular  form.  M.  Pelletier,  the  fcholar  of 
D'Arcet,  and  member  of  the  college  of  Phar- 
macy, obferved  in  a  piece  of  fiftulous  ice, 
cryftals  in  the  form  of  flat  quadrangular 
prifms  terminated  at  the  ends  by  dihedral 
pyramids,  though  with  great  varieties.  If, 
on  the  contrary,  water  in  a  confiderable 
mafs  be  frozen  fuddenly,  it  forms  only  an 
irregular  folid,  in  the  fame  manner  as  it  hap- 
pens when  faline  liquids  are  too  much  eva- 
porated and  cooled  fuddenly. 

2.  Its  confiftence  is  fuch,  that  it  may  be 
reduced  to  duft  fo  fmall  as  to  be  driven  by  the 
wind.  In  very  cold  climates  the  ice  is  fo 
hard  that  it  is  cut  like  ftones,  and  has  been 
employed  in   the   conftrudtion   of  edifices. 

*  The  difficult  queftion  concerning  the  expanfion  of 
water  by  freezing,  is  not  yet  well  refolved.  If  it  depended 
on  the  excluded  air,  it  might  perhaps  be  poflible,  by  pro- 
per management,  to  obtain  ice  more  denfe  than  water.  T. 
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We  are  aflured  that  even  cannons  have  been 
bored  out  of  ice,  which  have  been  charged 
with  powder,  and  difcharged  feveral  times 
before  they  melted. 

3.  Its  elafticity  is  very  ftrong,  and  much 
more  remarkable  than  that  of  fluid  water. 
Every  one  knows  that  a  ball  of  ice  thrown 
on  a  hard  furface  rebounds  in  the  fame  man- 
ner as  other  folids. 

4.  It  has  a  lively  tafte  approaching  to 
caufticity.  The  impreffion  of  ice  on  the 
fenfe  of  feeling  is  univerfally  known.  Phy- 
ficians  employ  it  as  a  tonic  or  difcuffive  mat- 
ter externally  applied. 

5.  Its  fpecific  gravity  being  lefs  than  that 
of  water,  it  fvvims  on  the  furface.  This 
phenomenon,  as  we  have  already  obferved, 
arifes  from  a  great  quantity  of  air  interpofed 
between  its  parts.  The  property  of  expan- 
sion by  freezing,  is  common  to  many  other 
bodies,  fuch  as  butter,  tallow,  wax,  &c. 

6.  Its  tranfparency  is  lefs  than  that  of  wa- 
ter, in  confequence  of  the  bubbles  of  air  which 
it  contains,  at  leaft  in  fuch  maffes  as  are  not 
regularly  cryftallized.  This  may  be  eafily 
feen  by  an  attentive  examination  of  a  piece 
of  ice,  and  if  the  cavities  be  opened  under 
water,  the  air  is  diftinctly  feen  to  iffue  out  in 
bubbles. 

7.  It  melts  at  fome  degrees  of  tempera- 
ture above  o°  (or  32°  of  Fahrenheit)  in 
Reaumur's  fcale,  the  iiquefailion  proceeding 
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gradually  from  the  furface  to  the  internal 
parts. 

8.  In  its  pafiage  from  the  folid  to  the 
fluid  ftate,  it  produces  cold.  Modern  che- 
milts  think  it  abforbs  heat  in  melting,  and 
that  the  quantity  abforbed  is  equal  to  what 
was  before  given  out  on  its  congelation.  All 
bodies  capable  of  freezing  and  melting,  ex- 
hibit the  fame  appearance,  though  with  va- 
riations as  to  the  quantity  of  heat  given  out 
or  abforbed. 

Concerning  Water  in  the  Fluid  State. 

The  properties  of  fluid  water  are  very  dif- 
ferent from  thofe  of  ice. 

1.  It  has  much  lefs  tafte  than  ice;  and  is 
commonly  faid  to  be  infipid.  Thofe  who  ha- 
bitually drink  water,  find  differences,  which 
fhew  that  it  has  a  confiderable  degree  of  tafte. 

2.  Its  elafticity  is  lefs,  and  has  been  de- 
nied in  confequence  of  the  experiments  of 
the  Academy  del  Cimento.  But  the  Abbe 
Mongez  has  proved,  *  by  an  interefting  feries 
of  experiments,  that  it  is  elaitic,  and  even 
mews  that  the  experiment  of  thofe  acade- 
micians confirm  the  fame,  becaufe  the  me- 
tallic fpheres  continued  to  exfude  drops  of 

*  The  compreflibility  of  water  was  proved  long  fince  by 
John  Canton,  F.  R.  S.  by  experiments  made  under  the 
receiver  of  the  air  pump,  for  which  fee  the  Philofophical 
Trania&ions.    T, 
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water  after  they  had  been  taken  from  under 
the  prefs ;  which  could  not  have  happened, 
if  the  water  had  not  been  diminifhed  as  to 
its  dimenfions  by  the  compreffion. 

3.  Its  ftate  of  liquid  aggregation  gives 
energy  to  its  force  of  combination.  Hence 
it  has  been  called  the  grand  diffolvent  of 
nature.  In  fact,  it  unites  with  a  great  num- 
ber of  bodies,  and  fingularly  favours  their 
mutual  combination. 

4.  It  does  not  feem  to  unite  with  light, 
which  merely  pafles  through  it.  It  is  known 
that  this  laft  alters  its  courfe  in  entering  into 
water,  fo  as  to  pafs  in  a  more  perpendicular 
direction  than  before. 

5.  Heat  dilates  it,  and  converts  it  into 
the  gafeous  ftate.  Its  ebullition  confifts  in 
this  paffage  from  the  ftate  of  liquidity  to 
that  of  an  aeriform  fluid.  This  phenome- 
non arifes  from  one  part  of  the  water  having 
taken  the  form  of  an  elaftic  fluid,  and  be- 
coming infoluble  in  the  remaining  liquid. 
Each  bubble  rifes  from  the  bottom,  and 
breaks  at  the  furface,  where  it  is  diffufed 
and  diflblved  in  the  air.  We  have  explained 
the  caufe  of  ebullition  at  large  in  our  Me- 
moires  de  Chimie,  publifhed  in  1784. 

The  weight  of  the  atmofphere  has  a  An- 
gular influence  on  the  ebullition  of  water. 
In  proportion  as  this  weight  is  greater,  fo 
much  the  more  does  it  oppofe  the  tendency 
in  the  water  to  affume  the  form  of  vapour. 

This 
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This  accounts  for  the  obfervation  of  Fahren- 
heit, that  the  temperature  of  water  in  a  ftate 
of  ebullition  is  not  always  the  fame.  If 
the  elevation  of  the  mercury  in  the  barome- 
trical tube  be  attended  to,  it  will  be  found 
that  the  temperature  of  boiling  water  is 
higher  or  lower  according  to  that  elevation. 

This  influence  of  the  gravity  of  the  air  on 
ebullition  muft  take  place,  efpecially  at  dif- 
ferent heights  in  the  atmofphere.  So  that 
water  will,  in  like  circumftances,  boil  more 
eafily,  and  with  a  lefs  degree  of  heat  on  the 
mountains  than  in  vallies,  or  on  plains  lefs 
elevated.  All  fluids  affume  the  vaporous 
Hate  very  readily  at  great  heights  5  and  for 
this  reafon  volatile  liquids,  as  fpirit  of  wine, 
ether,  or  volatile  alkali,  lofe  the  greateft 
part  of  their  ftrength  on  high  mountains,  as 
has  been  obferved  by  philoibphers,  and  late- 
ly by  M.  de  Lamanon,  at  the  height  of  more 
than  1800  toifes  above  the  level  of  the  fea. 
When  the  weight  of  the  atmofphere  is  taken 
off  a  veffel  of  water  placed  in  the  receiver  of 
an  air  pump,  we  obferve  it  to  boil  with 
great  violence,  and  become  converted  into 
vapour,  though  at  a  temperature  not  exceed- 
ing 120  degrees  of  Fahrenheit. 

A  third  circumftance  which  influences  the 
ebullition  of  water,  exclufive  of  heat  and  the 
weight  of  the  atmofphere,  is  the  humidity 
or  drynefs    of   the   atmofphere.      But  this 
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property  being  intirely  chemical,  will  be  at- 
tended to  in  the  next  paragraph. 

6.  If  water  be  heated  in  clofed  veffels, 
with  an  apparatus  proper  to  receive  the  va- 
pours, thefe  laft,  when  condenfed,  form 
diftilled  water.  By  this  means  it  is  obtained 
pure,  and  feparate  from  the  faline  and  earthy 
matters  by  which  natural  waters  are  almoft 
always  contaminated,  and  which  do  not  rife 
with  the  vapour.  Chemifts,  who  require 
very  pure  water  for  their  experiments,  pro- 
cure it  by  distillation.  They  put  common 
water  into  a  cucurbit  of  copper,  lined  with 
tin,  to  which  a  head  of  the  fame  metal  with 
a  refrigerator  is  adapted,  and  the  diftilled  wa- 
ter is  received  in  very  clean  glafs  vefTels.  It  is 
proper  to  be  obferved,  that  in  order  to  have 
very  pure  diftilled  water,  the  veffels  fhould 
be  ufed  for  no  other  purpofe.  The  veffels 
intended  to  diftill  quickly,  fhould  be  made 
on  the  new  principles,  that  is  to  fay,  the 
cucurbit  and  its  head  fhould  be  of  a  flattened 
figure,  their  horizontal  being  much  longer 
than  their  vertical  diameter.  Water  ob- 
tained by  careful  diftillation  thus  conducted, 
is  perfectly  pure.  Chemifts  formerly  made 
life  of  fnow  or  rain  water;  but  it  is  at  pre- 
fent  well  known,  that  thefe  waters  often 
contain  foreign  bodies  in  folution. 

Diftilled  v/ater  has  a  flat  or  faint  tafte, 
and  caufes  a  fenfation  of  weight  at  the  fto- 
mach  j    but    by  being  ftrongly  agitated  in 
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contact  with  air,  it  acquires  a  lively  tafte, 
and  may  be  drank  without  inconvenience. 
Diftillation  makes  no  change  in  pure  water, 
except  that  of  depriving  it  of  the  air,  which 
gives  it  that  frefh  and  lively  tafte  required 
to  make  it  potable.  Boerhaave  diftilled  the 
fame  water  five  hundred  times,  without  ob- 
ferving  any  change  produced  in  it.  Some 
philoiophers  have  affirmed  at  different  pe- 
riods that  water  becomes  changed  into  earth, 
becaufe  at  each  diftillation  it  leaves  a  certain 
quantity  of  earthy  matter  at  the  bottom  of 
the  verTel.  M.  Lavoifier  has  made  experi- 
ments refpecting  this  fact.  Having  weighed 
the  veflels  he  uied  in  diftilling  water,  as 
well  as  the  quantity  of  water  and  the  refi- 
due  it  affords,  he  has  (hewn  that  this  earth 
is  nothing  but  the  matter  of  the  veflels  gra- 
dually corroded  by  the  water.  * 

Concerning  Water  in  the  State  of  Vapour. 

When  water  is  reduced  to  the  ftate  of  va- 
pour by  the  action  of  fire,  it  acquires  pecu- 

*  In  addition  to  thefe  obfervations  on  fluid  water,  it  may 
be  obferved,  that  its  temperature  ceafes  to  increafe  when  the 
evaporation  has  arrived  at  a  certain  degree  of  rapidity ;  that 
this  ftatftfn&ry  point  is  higher  in  proportion  to  the  difficulty 
the  vapours  find  in  making  their  efcape  ;  that  if  the  vapour 
be  prevented  altogether  from  efcaping,  as  is  done  in  the 
digefter  ofPapin,  it  will  acquire,  by  the  application  of  h?at, 
a  temperature  approaching  to  ignition,  and  will  diflblve  or 
act  on  earths  and  other  bodies,  which  in  other  cafes  it  does 
not  knfibly  affect.     T. 
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liar  properties,  which  it  had  not  In  its  two 
former  ftates  of  aggregation. 

1 .  It  is  perfectly  invifible  when  received 
in  the  atmofphere,  provided  the  thermome- 
ter flands  higher  than  65  degrees,  and  the 
air  be  not  already  too  highly  charged  with 
humidity. 

2.  If,  on  the  contrary,  the  atmofphere 
have  a  temperature  below  55  degrees,  and  be 
charged  with  humidity,  the  vapour  of  water 

'  forms  a  whitifli  cloud,  fenfibly  opake ;  which 
arifes  from  the  vapour  not  being  abforbed, 
or  dhTolved  by  the  humid  air. 

3«  Its  dilation  is  fuch,  that  by  the  moll 
accurate  computation,  it  is.  found  to  occupy 
fourteen  hundred  times  the  jfpace  it  poffefTed 
in  the  fluid  form.* 

4.  Its  elafticity  is  fuch,  as  to  produce  the 
mod  terrible  explofions  when  confined.  This 
power  is  ufefully  employed  in  mechanics,  of 
which  application  the  engine  for  raifing  wa- 
ter, commonly  called  the  fteam  engine,  is 
an  admirable  inftance,  well  known  both  to 
philofophers  and  artifts. 

5.  According  to  one  of  the  mod  conftant 
laws  of  the  affinity  of  compofition,  it  has  a 
flronger  tendency  to  combination  in  this 
ftate,  wherein  its  aggregation  is  the  moft 
feeble,  than  in  either  of  the  two  others. 
Chemifts  have  frequent  occalion  to  obferve 

'  *  This  varies  with  the  temperature.     T. 

with 
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with  what  rapidity  water,  in  the  ftate  of 
vapour,  difiblves  falts,  foftens  mucilaginous 
matters,  corrodes  and  calcines  metals,  &c. 

6.  It  is  perfectly  diffolved  in  air.  When 
it  is  flowly  depoiited  out  of  the  atmofphere, 
it  constitutes  dew.  This  diffolution  is  per- 
formed in  the  fame  manner  as  thofe  of  falts 
in  water,  as  M.  Le  Roi,  phyfician  at  Mont- 
pellier,  has  fhewn  in  an  excellent  differtation 
on  the  elevation  and  fufpenfion  of  water  in 
air.  Melanges  de  Phyfique  et  de  Medicine, 
Paris,    1 77 1  ?  in  octavo. 

7.  One  of  the  mod  lingular  phenomena 
refpe&ing  water  in  a  ftate  of  vapour,  is  the 
property  it  poffeffes  of  accelerating  the  com- 
buftion  of  oil  when  on  fire;  as  is  feen  in  the 
experiment  of  the  eolipile  applied  to  the 
enamellers  lamp,  or  to  common  fires  of  pit 
coal  or  wood,  or  fats  in  a  ftate  of  inflamma- 
tion, which  cannot  be  extinguished  by  water. 
Thefe  phenomena  induced  Boerhaave  to  con- 
clude that  flame  is,  for  the  molt  part,  com- 
peted of  water.  We  fhall  prefently  fee  that 
this  happy  conjecture  of  Boerhaave,  nearly 
approaches  to  the  modern  difcoveries  on 
water;  as  we  fhall  mew  that  this  fluid  in- 
creafes  the  flame  in  combuftion,  in  confe- 
quence  of  its  being  itfelf  decompofed. 

8.  Laftly,  water  in  the  form  of  vapour 
is  condenfed  when  expofed  to  a  degree  of 
cold  fome  degrees  above  the  freezing  poi 

as  is  feen  in  the  falling  dew.     Sometimes 
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when  the  cold  is  beneath  the  freezing  point 
it  is  converted  into  fmall  cryftals  of  ice. 
Such  is  the  origin  of  thofe  rarefied  incrus- 
tations of  ice  formed  on  the  internal  furface 
of  the  glafs  in  windows  during  intenfe  frofts; 
and  the  fame  caufe  in  Siberia,  and  other  very 
cold  climates,  converts  the  moifture  of  the 
breath  into  a  kind  of  fnow. 

§  2.     Concerning  the  Chemical   Properties 
of  Water. 

The  great  number  of  combinations  into 
which  water  is  capable  of  entering,  is  the 
caufe  why  natural  waters  are  very  far  from 
being  pure,  and  always  contain  various 
foreign  matters,  efpecially  faline  fubftances. 

Water  may  combine  with  air  in  two  dif- 
ferent manners,  1 .  It  may  abforb  this  elaftic 
fluid,  and  become  charged  with  it  while  in 
its  liquid  ftate.  The  exiftence  of  air  in 
water  has  long  fince  been  difcovered  by 
means  of  the  air  pump ;  for  in  proportion 
as  the  air  above  the  water  is  exhaufted, 
the  efcape  of  bubbles  mews  that  it  likewife 
contained  air.  By  diftillation  of  water  in  the 
pneumato-chemical  apparatus  air  is  obtain- 
ed. When  water  is  boiled,  the  firft  bub- 
bles are  caufed  by  the  efcape  of  air,  and  the 
lively  tafte  no  longer  remains ;  but  this  laft 
is  reftored  by  expofure  to  the  air,  or  more 
quickly  by  agitation  -therein.  2.  The  air 
diflblves  water,    and    renders  it  elaftic  and 
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invifible  when  it  pofiefles  a  certain  degree  of 
heat;  the  hotter  it  is,  the  more  water  it  will 
hold  in  folution.  M.  le  Roi,  has  exa- 
mined very  minutely  into  the  ftate  of  the 
water  in  the  atmofphere.  The  ingenious 
experiments  he  has  made,  ihew  that  heated 
air,  apparently  dry,  when  enclofed  in  a 
glafs  verTel,  depoiits,  on  cooling,  the  wa- 
ter it  was  overcharged  with,  which  appears 
in  drops  ;  that  this  quantity  is  different 
according  to  the  temperature  of  the  air ; 
that  it  is  precipitated  during  the  night, 
and  conftitutes  a  particular  kind  of  dew. 
He  even  thinks,  there  is  reafon  to  con- 
clude from  thefe  facfis,  that  the  variations 
of  the  weight  of  the  atmofphere  depend  in 
part  upon  this  water,  which  abounds  more 
or  lefs,  as  the  temperature  varies. 

Though  the  order  we  have  adopted  feems 
to  require  that  we  mould  not  yet  enter  into 
the  consideration  of  faline  matters,  we  muft, 
neverthelefs,  obferve  in  this  place,  that 
water  diilolves  thefe  matters  very  readily, 
and  always  contains  a  certain  proportion  of 
them.  Selenite  and  calcareous  earth,  in  par- 
ticular, are  fubftances  which  communicate 
difagreable  and  often  noxious  qualities  to 
the  waters  of  wells,  brooks,  and  rivers. 
The  cretaceous  acid,  clay,  iron,  and  the 
extra&s  of  vegetables  altered  by  putre- 
faction, are  like  wife  found  in  waters.  Wa- 
ters thus  vitiated,  are  verv  unfit  to  be  ufed  as 
drink  ;  fuch  as  abound  with  calcareous 
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are  called  crude  or  hard  water;  their  tafte 
is  flat,  and  they  produce  a  fen&  of  weight 
on  the  ftomach;  they  retard  digeftion  ;  fome- 
times  they  have  the  effect  of  purgatives,  and 
the  ufe  of  them  may  even  be  productive  of 
dangerous  confequences.  It  is  therefore 
very  neceflary  to  poflefs  the  means  of  know- 
ing them,  of  determining  with  what  fub- 
ftances  they  are  vitiated,  and  of  extracting 
thofe  fubftances  where  it  can  conveniently 
be  performed. 

Water  proper  to  be  drank  is  diftinguiihed 
by  the  following  characters  :  it  is  very  clear 
and  limpid,  its  tranfparency  being  altered 
by  no  foreign  fubftance ;  it  has  no  kind  of 
fmell,  its  tafte  is  lively,  frefh,  and  in  a 
manner  penetrating ;  it  boils  readily,  and 
without  lofing  its  tranfparency  by  the  fepa- 
ration  of  any  fubftance;  it  diflblves  foap, 
fo  as  to  form  an  homogeneous  fluid  without 
clouds  or  lumps ;  it  boils  leguminous  vege- 
tables without  communicating  hardnefs  to 
them.  On  the  addition  of  the  liquids 
called  re-agents,  fuch  as  oil  of  tartar,  or  the 
nitrous  folutions  of  mercury  or  filver,  it 
does  not  fenflbly  lofe  its  tranfparency.  And, 
laftly,  it  pafles  readily  through  the  ftomach 
and  inteftines,  and  promotes  digeftion.  All 
thefe  good  qualities  are  found  in  the  water 
of  a  fpring  or  a  river  which  paffes  through  a 
fandy  foil,  is  agitated  by  a  conftant  motion, 
and  is  not  charged  with  putrefying  vegetable 
or  animal  matter.  It  is  a  neceflary  conditi- 
on 
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©n,  therefore,,  that  no  common  fewers  or 
drains  fhould  pafs  into  it  ;  that  its  cur- 
rent fhould  not  be  impeded  or  rendered 
flower  by  obftacles,  or  by  the  water  being 
drained  off  in  too  great  quantities ;  that  the 
watering  of  hemp  or  the  wafhing  of  clothes 
in  foapy  lixiviums  fhould  not  be  performed 
in  it,  &c.  &c.  On  the  contrary,  fuch  waters 
as  ftand  without  motion  in  fubterraneous 
cavities,  which  come  from  a  calcareous  or 
gypfeous  foil,  have  no  real  current,  abound 
with  plants  and  infefts,  have  little  depth, 
and  reft  on  a  muddy  bottom,  compofed  of 
putrified  vegetables,  poflefs  properties,  al- 
together the  reverfe  of  thofe  we  have  point- 
ed out  as  good.  Their  tafle  is  either  flat  or 
naufeous ;  their  fmell  mouldy  or  lightly 
putrid ;  their  colour  often  green  or  yellow- 
ifh,  with  mucilaginous  or  fibrous  green  or 
brown  remains  of  vegetables  floating  therein; 
they  redden  vegetable  blues;  become  tur- 
bid by  boiling ;  form  clouds  with  foap  ; 
harden  pulfe  by  boiling ;  afford  precipitates 
more  or  lefs  abundantly  by  means  of  the 
re-agents ;  and,  laftly,  they  produce  a  fcnf^ 
of  weight  at  the  ftomach,  pafs  with  difficulty 
through  the  inteftines,  and  impede  the  aftiou 
of  the  digeflive  powers. 

To  corredt  thefe  bad  qualities,  feveral 
methods  are  employed  entirely  grounded  on 
chemical  or  phyhcal  confiderations. 

i.  Stagnant  waters  are  fet  in  motion  by 
digging   a  canal   with  a   proper   declivity, 

where 


202  WATER. 

where  the  ground  will  admit  of  it;  agitating 
them  by  means  of  mills,  or  caufing  them  to 
pais  through  the  air  in  the  form  of  jets, 
cafcades,  &c.  Thefe  methods  facilitate  the 
evaporation  of  the  noxious  air  and  putrid 
fpiritus  rector  the  water  may  contain,  caufe 
impurities  to  fubfide  by  uniting  them  into 
larger  mafTes,  and  occafion  the  abforption  of 
a  proper  quantity  of  atmofpheric  air,  &c. 

2.  Marfhes  and  {landing  waters  are  to  be 
cured  by  carrying  away  the  vegetable  and 
animal  matters  which  are  fufceptible  of  pu- 
trefaction, and  prevent  die  due  courfe  of 
iprings,  &c. 

3.  Water  is  filtered  in  jars  or  other  ap- 
paratus, whofe  bottoms  are  covered  with  fine 
fand  and  fpunges;  thefe  are  to  be  renewed 
from  time  to  time.  The  beds  of  fmall 
rivulets  are  cleared  of  the  mud,  and  a  pro- 
per quantity  of  fand  placed  inftead  thereof. 

4.  Thefe  methods  purify  water,  by  fepa- 
rating  the  heterogeneous  matters  that  float 
therein,  but  do  not  deprive  it  of  the  faline 
fubftances,  nor  the  putrid  fpiritus  rector  it 
may  contain.  To  feparate  thefe,  it  muft  be 
boiled  and  decanted  after  fubfidence,  ok  fil- 
trated through  paper,  or  clear  white  fand,  and 
expofed  to  the  air  in  fhallow  earthen  orilone 
veffels.  It  may  then  be  ufed  for  common 
drink  without  danger;  for  ebullition  takes 
away  the  difagreeable  flavour,  and  caufes  a 
part  of  the  felenite  and  calcareous  earth  to 
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precipitate  from  hard  waters.  Water  for 
thefe  purpofes  fhould  be  kept  boiling  for 
half  an  hour,  or  till  it  has  acquired  the 
property  of  diflblving  foap  or  boiling  pulfe 
without  rendering  them  hard. 

5.  If  ebullition  be  found  inefficient  to 
deprive  waters  of  the  calcareous  earth  or 
felenite,  as  commonly  happens  when  thefe 
matters  are  in  great  abundance,  a  fmall 
quantity  of  fait  or  oil  of  tartar  muft  be 
added  in  the  boiling,  or  if  that  be  not  at 
hand,  wood  afhes  may  be  ufed.  Thefe  oc- 
cafion  a  precipitation,  and  the  water,  after 
decantation  and  expofure  to  the  air  is  per- 
fectly wholefome. 

6.  Subftances  proper  to  counteract  or 
prevent  the  bad  effects  or  noxious  qualities 
of  water  may  be  added,  fuch  as  fugar, 
honey,  meal,  barley,  wheat,  pot  herbs,  or 
aromatic  vegetables.  But  thefe  additions  do 
not  communicate  the  lightnefs  and  other 
good  qualities  of  pure  water,  and,  in  fa&, 
only  fubftitute  one  tafte  for  another. 

This  account  of  the  chemical  properties 
of  water  does  not  extend  to  the  conlidera- 
tion  of  its  power  as  an  agent  in  combina- 
tions, into  a  great  number  of  which  it  enters; 
but  in  many  of  thefe  it  fuffers  a  lingular 
alteration,  which  has  not  been  till  within 
thefe  few  months  difcovered,  (April  1784) 
and  which  deferves  all  the  attention  of  che- 
mifts.  It  has  been  long  known,  that  water, 
in  certain  cafes,  favours  combuftion,  as  in 
j  '  the 
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the  inflammation  of  oil,  at  great  fires,  &c. 
and  fome  philofophers  have  thought  it  might 
be  concluded  from  thefe  facts,  that  water  is 
converted  into  air.  It  is  to  Mr.  Lavoifier 
that  we  are  indebted  for  a  more  accurate 
knowledge  of  thefe  phenomena  of  the  na- 
ture of  water.  This  philofopher  having 
remarked  with  Mr.  De  la  Place,  that  when 
inflammable  air  is  burned  with  pure  air  in 
clofed  veflels,  pure  water  is  produced,  (a  fact 
which  Mr.  Monge  obferved,  with  the  greateft 
precilion,  in  the  laboratory  of  The  School  de 
Meziere,  nearly  at  the  fame  time  with  him- 
felf)  thought  it  juft  to  conclude,  that 
water  was  formed  in  this  experiment  by  the 
combination  of  pure  and  of  inflammable 
air,  which  he  regarded  as  its  conftituent 
principles.  This  theory  of  the  nature  of 
water,  by  which  M.  Lavoifier  deprived  it 
at  once  of  its  prerogative  as  a  limple  body 
and  as  an  element,  met  with  fuch  oppofition, 
as  convinced  him  that  the  decompofition  of 
water  was  a  proof  neceffary  to  be  added  to 
the  fynthetical  examination  of  that  fubftance. 
He  therefore  endeavoured  to  decompofe  this 
fluid,  byprefentingto  it  fuch  bodies  as  might 
be  expected  to  feparate  one  of  its  principles. 
He  aflbciated  himfelf  with  M.  Meufnier 
for  the  purpofeof  making  thefe  inquiries; 
and  thefe  two  philofophers  read  a  Memoir 
at  the  Royal  Academy  of  Sciences  the  21ft 
of  April,  1784;  wherein  it  is  proved  that 
water  is  not  a  iimple  fubftance,  but  is  com-* 
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pofed  of  inflammable  air  and  pure  air,  which 
may  be  eafily  feparated  from  each  other. 
To  obtain  them  feparate,  Mr.  Lavoifier  firft 
made  life  of  the  following  procefs :  he 
placed  in  a  fmall  glafs  vefiel,  inverted  over 
mercury,  a  known  quantity  of  very  pure 
diftilled  water  and  iron  filings.  The  metal 
was  gradually  and  flowly  calcined,  and  an 
elaftic  inflammable  fluid  was  collected  above 
the  mercury;  the  quantity  of  water  be- 
coming lefs  in  proportion,  as  the  two  phe- 
nomena were  produced.  After  a  length  of 
time  the  iron  may  be  had  entirely  calcined, 
and  the  water  totally  decompofed ;  for  it  is 
this  fluid,  which,  according  to  Mr.  Lavoifier, 
affords  the  air,  and  calcines  the  iron.  As 
it  is  compofed  of  pure  air  and  inflammable 
air,  the  iron  by  degrees  attracts  and  com- 
bines with  the  former,  with  which  it  forms 
a  metallic  calx,  at  the  fame  time  that  it  dif- 
engages  the  latter.  Such  was  the  firft  ex- 
periment by  which  this  learned  chemift 
decompofed  water;  but  in  his  experiments 
with  Mr.  Meufnier,  he  employed  a  much 
more  fhort  and  conclufive  procefs.  He  caufed 
water  to  pafs  drop  by  drop  through  a  gun 
barrel,  placed  in  a  furnace,  and  kept  at  a 
red  heat :  the  water  in  the  ftate  of  vapour  is 
decompofed  by  the  contact  of  the  iron ; 
the  pure  air  it  contains  becomes  fixed  in  the 
iron,  as  is  proved  by  the  augmentation  of 
its  weight,  and  the  fingular  alteration  it 
undergoes;  and  the  inflammable  air  fet  at 
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liberty,  paffes  fwiftly  through  the  gun  bar- 
rel, and  is  received  in  inverted  glaffes,  pro- 
perly adapted  at  the  other  end.  By  repeat- 
ing thefe  experiments  with  all  poflible  ac- 
curacy, thefe  philofophers  found,  that  water 
contains  fix  parts  of  pure  air,  and  one  of  in- 
flammable air  -y  that  the  latter  is  nearly 
thirteen  times  as  light,  as  atmofpheric  air, 
and  may  occupy  a  fpace  fifteen  hundred  times 
greater  than  it  poffeffes  in  its  aqueous  com- 
bination. 

Water  appears  to  be  capable  of  acting  in 
the  fame  manner  on  all  combuftible  bodies, 
and  reduces  them  with  different  degrees  of 
facility,  to  the  ftate  of  burned  bodies,  afford- 
ing at  the  fame  time  inflammable  air.  In 
this  manner  it  has  been  decompofed  by 
zink,  charcoal,  and  oils.  The  experiment 
with  this  laft  mentioned  fubftance,  is  made 
by  letting  water  fall,  drop  by  drop,  into 
boiling  oil,  in  a  retort,  whofe  neck  is  plunged 
in  water  beneath  the  ufual  pneumated  che- 
mical apparatus ;  but  it  requires  great  pre* 
caution  to  avoid  the  explofions  which  take 
place  from  the  water  rifing  *  in  the  neck  of 

the 


*  This  very  common  and  difogreeable  accident,  attend- 
ent  on  chemical  operations,  is  prevented  by  Mr.  Babington, 
of  Guy's  Hofpital,  by  a  fimple  and  ingenious  contrivance. 
The  part  of  the  apparatus  plunged  in  the  water,  is  made  of 
a  confiderable  diameter,  and  is  immerfed  to  fuch  a  depth, 
that  the  fubfidence  of  the  external  furface  of  the  water  is 
fufficient  to  fuffer  air  to  enter,  before  the  internal  water  has 
rifen  fo  as  to  reach  the  body  of  the  vefleL     In  cafes  where 
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the  retort,  in  confequence  of  the  vacuum 
formed  within  during  the  ebullition.  In 
order  to  know  whether  a  combuftible  body, 
as  a  metal  or  charcoal,  &c.  is  capable  of  de- 
compoiing  water,  nothing  more  is  neceffary, 
than  to  plunge  it  red  hot  into  a  veffel  of 
water,  over  which  is  inverted  a  glafs  veffel 
likewife  filled  with  the  fame  fluid.  The  in- 
flammable air,  which  is  always  difengaged 
when  water  is  decompofed,  will  be  collected 
under  the  glafs  veffel.  This  is  the  caufe  of 
the  bubbles  produced  by  plunging  red  hot 
iron  into  water,  and  the  inflammable  air 
collected  in  that  cafe,  as  has  been  obferved 
by  Meffrs.  Haflenfraft,  Stouttz,  and  d'Hel- 
lancourt,  of  the  Royal  Mineralogical  School 
of  France.  The  fame  difengagement  of  air, 
produced  by  the  decompolition  of  water, 
takes  place  when  ignited  charcoal  is  plunged 
therein. 

Thefe  are  the  fa&s  lately  difcovered  con- 
cerning the  nature  and  compofition  of  water. 
Meffrs.  Lavoifier  and  Meufnier  therefore 
think  that  this  fluid  is  compofed  of  fix  parts 
pure  air,  and  one  inflammable  air  :  that  iron, 
charcoal  and  oils,  having  a  greater  affinity 
with  pure  air  than  the  laft  has  with  in- 
flammable air,   feize  it,  and  decompofe  the 

the  admiflion  of  atmofpheric  air  would  do  harm,  he  injecte 
phlogifticated  air,  when  the  afcent  of  the  water  fhews  it  to 
be  necefTary.     T. 
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water  entirely ;  the  inflammable  air  efcaping 
in  an  elaftic  form :  that  water  is  recompo- 
fed  by  burning  thefe  two  kinds  of  air  toge- 
ther, which,  if  carefully  performed,  affords  a 
quantity  equal  in  weight  to  that  of  the  two 
fluids  made  ufe  of:  that  water  is  thus  pro- 
duced in  a  great  number  of  chemical  opera- 
tions ;  as  for  example,  when  fpirit  of  wine 
or  oils  are  burned  under  a  chimney,  adapt- 
ed to  the  worm-pipe  of  a  ftill,  whofe  other 
extremity  is  adapted  to  a  recipient,  a  quan- 
tity of  water  is  collected,  which  is  almoft 
always  greater  than  that  of  the  inflammable 
fluid  made  ufe  of  •>  which  is  occafioned  by  the 
inflammable  air  of  thefe  liquids  combining 
with  the  pure  air  of  the  atmofphere,  by 
which  their  combuftion  is  maintained. 

Thefe  difcoveries,  and  the  theory  thefe 
philofophers  have  deduced  from  them,  will 
no  doubt  constitute  one  of  the  moft  brilliant 
periods  of  philofophical  fcience.  But  as  it 
is  of  the  utmoit  confequence  to  examine  the 
refults  and  confequences  with  all  poflible 
care,  we  think  it  proper  to  propofe  certain 
doubts,  which  we  fubmit  to  the  confidera- 
tion  of  the  learned  inquirers,  to  whom  we 
are  indebted  for  thefe  difcoveries. 

Mr.  Lavoifier,  with  many  other  philofo- 
phers and  modern  chemifts,  maintain  that  all 
aeriform  fluids  owe  their  elafticity  to  the  mat- 
ter of  fire  or  heat  which  is  united  to  them.  This 
muft  therefore  be  the  cafe  with  inflammable 
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air  ;  and  as  the  decompofition  of  water,  and 
its  change  into  inflammable  air  never  takes 
place,  but  in  confequence  of  its  being  in 
contadl  with  inflammable  bodies;  do  not 
thefe  contribute  to  the  formation  of  the 
combuftible  elaflic  fluid,  fince  it  is  as  natu- 
ral to  admit  the  prefence  of  fixed  fire  or  light 
in  them,  as  it  is  to  refer  it  to  the  pure  air  and 
other  gafeous  fubftances.  But  this  does  not 
at  all  invalidate  the  proof  that  water  is  a 
compounded  fubftance.  It  may  not  perhaps 
contain  inflammable  air,  but  only  one  of  the 
principles  that  enter  into* the  compofition 
of  that  air.  If  this  conje&ure  be  allowed, 
it  will  follow  that  we  are  acquainted  with 
no  more  than  one  of  the  conftituent  parts 
of  water,  namely,  pure  air.  We  mail  fee  in 
the  hiftory  of  acids,  metals,  &c.  that  our 
knowledge  concerning  thefe  bodies  is  nearly 
in  the  fame  fituation.  One  of  their  princi- 
ples feems  to  be  unknown. 

However  this  be  determined,  it  is  certain 
that  water  is  not  a  fimple  body,  but  is  capable 
of  decompofition,  and  that  nature  in  her  grand 
operations  doubtlefs  eflfefts  this  more  eafily, 
and  by  various  other  procefles,  as  well  as  thofe 
difcovered  by  art.  It  is  by  a  decompofition 
of  this  kind  that  water  tends  to  purify  the 
atmofphere,  by  emitting  pure  air  ;  that  large 
quantities  of  inflammable  air  are  difengaged 
from  ftagnant  waters ;  that  the  atmofphere  is 
fometimes  fo  highly  charged  with  this  laft,  as  to 
Vol.  I.  O  take 
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take  fire,  and  exhibit  luminous  meteors, 
when  the  reftoration  of  the  equilibrium  of 
the  electric  fluid  produces  the  beginning  of 
combuition  ;  and  that  water  contributes  to 
the  production  of  faline  matters,  in  which 
pure  air  is  always  a  principle.  In  a  word, 
this  happy  difcovery  of  Mr.  Lavoifier  ex- 
plains a  prodigious  number  of  phenomena 
relative  to  water,  and  its  influence  in  the 
great  works  of  nature.* 


CHAP.       VIII. 
Concerning  Earth  in  General. 

^Tp  H  E  ancient  philofophers  entertained 
■*■  an  opinion  that  there  exifts  one  fimple 
fubftance,  the  principle  of  hardnefs,  drynefs, 
weight  and  fixity  in  bodies,  conftituting  the 
bafe  of  all  folid  bodies,  to  which  they  gave 
the  name  of  earth.  This  opinion,  founded 
purely  on  abftracl:  philofcphical  notions, 
has  been  conftantly  taught  in  the  fchools, 
and  is  ftill  admitted  by  lbme  of  the  learned. 
Paracelfus,  as  we  have  feen,  denominated  all 
the  refidues  of  analyfes,  earth ;  but  chemifts, 
by  the  advice  and  example  of  Glauber,  having 
examined  thofe  refidues,  found  they  were 
far    from     being    pure     earth    fubftances. 

*  Minutes  of  the  hiftory  of  the  difcoveries  relating  to  the 
compofition  of  water,  and  of  the  ftate  of  our  knowledge 
refpe&iag  that  fluid  are  given  in  the  tranfiator's  preface.  T. 
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Boerhaave,  who  with  fome  limitation  had 
adopted  the  opinion  of  Paracelfus,  obferved, 
that  after  all  analyfes,  there  remained  a  dry, 
infipid,  heavy,  colourlefs  matter,  poffeffing 
all  the  properties  of  an  earth.  But  when  the 
proper  methods  of  chemical  examination 
are  applied  to  thefe  matters,  it  is  found  that 
they  differ  greatly  from  each  other,  and 
that  one  and  the  fame  denomination  cannot 
with  propriety  be  applied  to  them  all. 

Beccher  admitted  three  kinds  of  earth,  as 
has  been  mentioned,  in  fpeaking  of  princi- 
ples, namely,  the  verifiable,  the  inflamma- 
ble, and  the  mercurial  earth,  Stahl  regard- 
ed the  firft  of  thefe  as  the  true  earthy  prin- 
ciple, and  Macquer  joins  him  in  thinking, 
that  the  verifiable  earth  ought  to  be  consi- 
dered as  the  moft  pure  and  fimple. 

To  arrive  at  a  proper  determination  on 
this  fubjed:,  let  us  confider  what  are  the 
properties  which  chemifts  univerfally  admit, 
as  diftinguifhing  the  element  of  earth.  We 
find  fix,  namely,  weight,  hardnefs,  irifipi- 
dity,  fixity,  infufibility,  and  immutability. 
But  all  thefe  properties  are  found  in  the  earth 
of  quartz,  rock  cryftal,  and  verifiable  ftones 
in  genera],  as  well  as  in  that  of  clays.  If 
therefore  feveral  matters,  very  different  from 
each  other,  have  all  the  properties  attributed 
in  general  to  the  element  called  earth,  ought 
we  to  regard  them  as  fo  many  fimple  and 
primitive  earths,  or  ought  we  to  adopt  the 
O  2  opinion 
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opinion  of  Stahl  and  Macquer,  who  obferv* 
ing  the  properties  of  earth  mod  evidently 
in  the  verifiable,  have  thought  proper  to 
efteem  it  as  the  primitive  earth,  and  the 
others  as  modifications  produced  by  its  en- 
tering into  different  compounds  ? 

Seducing  as  this  hypothefis  may  be,  and 
however  great  the  confidence  we  might  place 
in  the  opinion  of  fuch  eminent  chemifts,  wc 
cannot  think  it  proper  to  reckon  the  verifi- 
able earth  the  primitive  bafe  of  the  others. 
i.  Becaufe  this  earth  is  not  entirely  the 
fame  nature  in '  all  the  ftones  wherein 
Stahl  and  Macquer  admit  its  exiftence.  2. 
Becaufe,  without  having  paffed  the  organs 
of  animals,  it  may  be  altered  by  faline  mi- 
neral matters,  fuch  as  alkalis  ;  fo  that  it 
cannot  again,  by  any  method  whatever,  be 
reftored  to  its  former  ftate  of  purity  :  a  cha- 
racter, which  certainly  ought  not  to  be  found 
in  an  element,  whofe  nature  is  unchange- 
able. 3.  Becaufe  we  do  not  find  this  earth 
pure,  and  pofTefling  all  its  properties  in 
any  organized  bodies ;  in  which,  neverthe- 
less, we  find  water  eflential  to  their  compofi- 
tion.  4.  Becaufe  we  find  in  feveral  fub- 
ftances  all  the  properties  of  earthy  matters, 
in  the  fame  manner  as  in  verifiable  earth, 
though  not  fo  intenfe.  5.  Becaufe  it  is  not 
at  all  proved,  that  verifiable  earth  is  the 
bafe  of  other  earths  and  folid  matters,  as 
fome  chemifts  feem  to  think. 

Nature  prefents  feveral  fubftances  to  our 
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obfervation,  which  have  all  the  properties 
of  earths.  We  cannot  afcertain  which  is  the 
fimpleft  among  them,  becauie  they  all  feem  to 
be  equally  fo,  as  far  as  experiments  have  de- 
termined ;  and  even  if  it  were  difcovered  that 
one  of  them  were  fimpler  than  the  reft,  it 
could  not  be  concluded  to  be  the  elementary 
earth,  till  it  was  fhewn  to  be  the  bafis  of 
other  earths,  and  the  caufe  of  cohefion  and 
folidity  in  various  compounds.  We  ought 
therefore,  without  deciding  which  is  pro- 
perly fpeaking  the  element,  to  admit  of  dif- 
ferent kinds  of  earths,  and  endeavour  to  ob- 
tain fuch  a  knowledge  of  their  properties,  as 
will  ferve  to  diftinguim  them  whenever  they 
are  met  with  in  chemical  analyfes. 

Chemifts  have  long  admitted  feveral  kinds 
of  earthy  matters :  but  their  firft  divifions 
were  vicious  in  many  refpects,  becaufe  the 
chara&ers  they  were  founded  on  were  neither 
fufficiently  certain,  nor  numerous.  Such, 
for  example,  is  the  diftindtion  of  earths  in- 
to mineral,  vegetable,  and  animal  earths. 
For,  though  it  is  true,  that  the  laft  fixed 
refidues  of  vegetables,  after  lixiviation,  are 
for  the  moft  part  without  fmell,  tafte,  or 
folubility,  thefe  properties  are  not  fufficient 
to  juftify  the  claffing  them  with  earths,  be- 
caufe they  are  neither  unalterable,  infufible, 
nor  fimple.  The  fubftance  which  forms  the 
dry  and  infufible  bafe  of  the  bones  of  ani- 
mals, and  is  ftill  called  by  the  name  of 
O  3  earth, 


214  EARTH. 

earth,  from  its  infipidity  and  infolubility, 
has  been  known  for  fome  years  to  be  a  true 
faline  fubftance,  as  we  fhall  fhew  in  our 
hiftory  of  the  animal  kingdom ;  and  it  may 
with  great  probability  be  conjectured,  that 
the  infipid  and  infoluble  refidues,  after  the 
laft  analyiis  of  other  animal  matters,  are  of 
the  fame  nature  as  the  refidual  matter  of 
bones.  The  name  of  metallic  earth  given 
to  the  dry  calces  of  the  feveral  matters  from 
the  infipidity  and  infolubility  of  fome  of 
them,  does  not  agree  with  their  other  pro- 
perties ;  for  they  are  in  general  fufible,  and 
are  all  known  to  be  compounded,  as  will 
hereafter  be  fhewn. 

Mineralogifts,  who  have  treated  of  the 
hiftory  of  earths,  have  paid  a  greater  atten- 
tion to  accuracy  and  precifion  in  their  claffi- 
fication  than  chemifts ;  who  have  attended  to 
them  only  in  fuch  a  general  way  as  they  thought 
might  ferve  to  advance  the  theory  of  the 
fcience  they  cultivated.  The  greateft  num- 
ber of  modern  naturalifts,  who  have  clarTed 
thefe  matters,  have  adopted  characters  foun- 
ded on  thefe  chemical  properties,  and  by 
that  means  given  much  perfpicuity  to  the 
natural  hiftory  of  the  mineral  kingdom.  Such 
are  Meff.  Wallerius,  Cronftedt,  and  Monnet, 
who  have  compofed  complete  fyftems  of  mi- 
neralogy on  this  principle.  No  chemift  has 
made  a  greater  number  of  refearches  into  the 
nature  of  flones  and  earths  than  Pott,  who 

has 
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has  given  a  methodical  arrangement  of  thefe 
bodies,  founded  on  the  refults  of  his  own 
experiments.  Much  praife  and  gratitude  is 
due  from  the  public  to  M.  Dietrich  for  his 
continued  labours,  and  to  MeiT.  Bergman 
and  Bayen  for  their  analyfes  of  many  earthy 
fubftances.  We  ihall  not  attempt  to  exhi- 
bit or  compare  the  different  fyftems  of  thefe 
authors,  as  it  is  not  our  prefent  intention  to 
write  tfte  natural  hiitory  of  earthy  fubftances, 
but  ihall  only  avail  ourfelves  of  their  labours 
to  determine  how  many  different  kinds  of 
earths  there  are,  chemically  considered,  and 
what  are  the  diftinclive  characters  of  each. 

Before  we  enter  on  this  fubjedl,  we  muff: 
obferve,  that  is  it  proper  to  confider  ftones 
and  earths  as  constituting  the  fame  clafs,  be- 
caufe  they  are,  in  fact,  nothing  more  than 
one  and  the  fame  fubitance  in  a  different  ftate 
of  aggregation.  Grit-flone,  for  example,  is 
nothing  more  than  fand  united  by  the  force 
of  aggregation  ;  and  land  confiits  of  grit- 
ftcne,  whofe  integrant  parts  are  difunited  : 
both  fubftances  having  preftifely  the  fame 
chemical  properties. 

M.  Pott  has  divided  earths  and  ftones  in- 
to four  claffes,  the  verifiable,  the  argilla- 
ceous, the  calcareous,  and  the  gypfeous. 
Subsequent  di  ies  have  diewn,   that  the 

fubftances  former.  s  J  by  the  name 

of  calcareous  earthy  are  true   neutral   falts, 
gnd  gypfeous  ftones  are  alio   .known  to  be 
O  4.  faline 
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faline  fubftances.  Among  the  four  clafles 
of  ftones  admitted  by  Pott,  there  are  only 
two  which  belong  really  to  this  genus. 

Dodtor  Black,  whofe  name  diftinguifhes 
one  of  the  greateft  periods  of  the  im- 
provement of  chemiftry,  having  examined 
with  much  care,  the  bafe  of  the  Epfom  fait, 
has  proved  that  it  confifts  of  a  peculiar  fub- 
fiance,  which  he  called  magnefia,  and jplaced 
among  the  earths.  All  the  chemifts  have 
aflented  to  his  difcovery. 

M.  Bergman  has  discovered  in  the  mar- 
mor  metallicum,  or  heavy  fpar,  a  peculiar 
earth,  which  he  has  called  terra  ponderofa, 
or  ponderous  earth. 

We  think,  we  ought  to  diftinguifh  thefe 
two  fubflances,  from  earths  properly  fo  call- 
ed, in  confequence  of  reafons  which  we  fhall 
give  in  the  following  chapters. 

From  various  confiderations  we  think, 
that  no  bodies  fhould  be  admitted  as  true 
earths,  but  fuch  as  are  perfectly  infipid,  in- 
foluble,  and  infufible ;  and  that  we  ought 
to  diftinguifh  fuch  as  poffefs  thefe  properties 
by  the  chemical  phenomena  they  exhibit. 
We  therefore  admit  of  but  two  kinds  of  pure 
earths,  which  are  equally  fimple  and  ele- 
mentary. 

The  firft  is,  that  which  conftitutes  rock 
cryftal,  quartz,  grit-ftone,  flints,  and  all 
hard  ftones  that  ftrike  fire  with  fteel.  Its 
chemical  character  is,  that  it  is  inalterable 

by 
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by  the  ftrongeft  fire,  neither  lofing  its  hard- 
nefs,  tranfparency,  nor  other  properties  by 
any  heat  that  art  can  produce.*  We  call  it 
vitrifiable  earth,  becaufe  it  is  the  only  earth 
which  forms  a  tranfparent  glafs  by  combina- 
tion with  alkalis. 

The  fecond  kind  of  earth,  which  we  regard 
as  fimple  and  pure,  is  the  argillaceous.  In 
its  ftate  of  purity,  it  prefents  the  following 
characters.  It  is  almoft  always  opake,  or  at 
lean:  its  tranfparency  is  never  like  of  the  vitri- 
fiable ftones.  It  is  always  difpofed  in  thin 
plates,  or  lamince  on  each  other.  Though 
it  has  no  more  tafte  than  vitrifiable  earth,  it 
feems  neverthelefs  to  have  a  kind  of  action 
on  our  organs*,  as  appears  by  its  adhefion  to 
the  tongue.  Its  force  of  aggregation  is  ne- 
ver fo  confiderable,  as  that  of  vitrifiable 
earth  ;  whence  it  follows,  that  argillaceous 
ftones  are  never  very  hard,  but  break  by  the 
blow  of  a  fteel  inftrument,  without  fcratch- 
ing  itj  or  giving  fire,  as  vitrifiable  earths  do. 
This  fmall  force  of  aggregation  renders  this 
earth  much  more  difpofed  to  combination, 
and  therefore  we  meet  with  -pure  clay  much 
more  feldom  than  pure  cryftal  or  quartz. 
It  may  be  readily  conceived,  after  this  obfer- 

*  F.  L.  Eharmann,  in  a  treatife  on  the  art  of  melting, 
by  the  afliftance  of  dephlogifticated  air,  printed  at  Straf- 
burgh,  July,  1786  ;  affirms  that  he  melted  rock  cryftal  in 
one  minute  into  a  femi-tranfparent  ball  full  of  bubbles,  by 
flame  urged  by  a  fine  ftream  of  dephlogifticated  air.     T. 
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vation,  why  clays  are  almoft  always  co- 
loured, and  why  there  are  few  clays  which 
poffefs  the  argillaceous  characters  in  an  emi- 
nent degree.  Clay  expofed  to  the  action  of 
heat,  experiences  an  alteration  which  vitri- 
fiable  earths  do  not.  Inftead  of  remaining 
unchanged,  it  hardens,  and  obtains  an  aggre- 
gation ftronger  than  in  its  natural  flate.  It 
even  approaches  the  vitrifiable  earth  in  hard- 
nefs  and  want  of  difpofition  to  combine,  af- 
ter fuch  treatment.  Water  has  fome  adtion 
on  clay,  which  it  penetrates,  and  renders 
foft  and  ductile.  That  this  is  a  kind  of 
combination  is  evinced  by  the  adhelion  of 
thefe  two  fubftances,  which  is  fuch,  that 
they  cannot  be  feparated  but  oy  the  action 
of  a  ftrong  heat  continued  for  a  long  time. 
The  property  of  clay  to  be  foftened  by  water, 
and  become  hard  by  fire,  is  of  great  value  in 
the  arts.  Laftly,  the  property  of  entering  into 
combination  with  a  great  number  of  fub- 
ftances, efpecially  diftinguifhes  it  from  the 
vitrifiable  earth.  From  this  it  is,  that  clay 
is  found  in  a  great  number  of  compounds ; 
and  from  the  confideration  of  this,  we  have 
fpoken  more  largely  of  this  earth  j  as  a 
knowledge  of  its  leading  characters  is  necef- 
fary,  in  order  to  diftinguifh  it  in  chemical 
operations. 

Thefe  two  earths  we  have  thought  fit  to 
diftinguifh,  as  they  both  poffefs  the  charac- 
ters of  elementary  fubftances,  and  no  che- 

mift 
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mift  has  yet  fucceeded  in  decompofing  them. 
We  are  not  fufficiently  advanced  in  our 
knowledge  concerning  the  origin,  forma- 
tion, or  even  the  chemical  properties  of  thefe 
earths,  to  pronounce  with  certain  chemifts, 
that  the  one  is  more  fimple  than  the  other, 
and  that  the  latter  is  only  a  modification  of 
the  former.  We  cannot  admit,  that  the 
earth  of  rock  cryftal  is  the  bafe  of  clay, 
which  as  far  as  is  yet  known  is  not  the 
fame  fubftance,  either  attenuated,  divided, 
or  elaborated ;  for  no  chemift  has  ever  con- 
verted the  one  into  the  other. 

It  rarely  happens,  that  vitrifiable  or  argil- 
laceous earth  is  found  in  nature  in  a  ftate  of 
purity.  The  former  alone  enjoys  this  pri- 
vilege in  rock  cryftal ;  doubtlefs  becaufe, 
as  we  have  obferved,  of  its  great  hardnefs 
and  force  of  aggregation.  Even  this  is  often 
coloured  by  foreign  matters.  It  is  ftill  more 
frequently  altered  and  combined  with  co- 
louring matters'  in  quartz.  Argillaceous 
earth  is  yet  lefs  frequently  found  alone. 
The  greateft  part  of  the  earths  and  ftones,  to 
which  naturalifts  have  given  different  names, 
are  compofed  of  one  or  the  other,  or  both 
thefe  earths  ;  or  of  faline  fubftances,  efpeci- 
ally  lime,  and  magnefia,  with  metallic  mat- 
ters, raoft  frequently  iron.  To  obtain  a 
conviction  of  this  truth,  nothing  more  is 
neceffary  than  to  caft  an  eye  over  M.  Mon- 
net's  work,  in   which  that  chemift  ranges 

ftones 
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ftones  after  their  conflituent  parts.  An  at- 
tempt worthy  of  great  praife,  but  which, 
while  it  fhews  the  great  advantages  litho- 
logy  may  expeft  to  receive  from  chemiftry, 
affords  at  the  fame  time  a  profpedt  of  the 
difficulties  that  ftill  attend  the  accurate  claf- 
iification  of  ftones,  from  their  chemical 
properties.  The  following  chapter  will  be 
more  particularly  employed  on  this  fubjeft* 
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PART         IL 

Concerning  the  Mineral  Kingdom  ; 
or  Mineralogy. 


SECTION      I. 

Earths  and  Stones. 


CHAP.        I. 

General  Fadts  and  Obfervations  on  Minera- 
logy ;  the  Divifion  of  Minerals  in  general, 
and  of  Earths  and  Stones  in  particular ; 
their  different  Characters. 

/T*HE  delign  of  natural  hiftory  confifts  in 
•**  the  knowledge  of  the  bodies  which 
conftitute  our  globe.  The  whole  is  full  of 
grandeur  and  fublimity  -,  and  its  parts  are 
immenfe.      This   fcience    comprehends  all 

terreftrial 
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terreftrial  phenomena,  from  the  meteoric 
changes  of  the  atmofphere,  to  the  mutations 
to  which  the  interior  parts  of  the  globe  are 
fubject.  The  furface  of  the  earth,  its  feas, 
lakes,  rivers,  mountains,  valleys,  plains, 
and  caverns  ;  the  animated  and  organized 
beings  which  dwell  therein,  and  the  inanimate 
matter  of  which  they  are  compofed,  occupy 
by  turns  the  attention  of  the  natural  hifto- 
rian.  The  man  of  genius  is  alone  capable 
of  viewing  the  great  defign  at  once  in  all 
its  component  parts ;  the  fcrupulous  and 
indefatigable  obferver  attaches  himfelf  to  the 
detail.  The  feparate  confideration  of  the 
parts  has  produced  the  various  branches  of 
this  ftudy.  Thefe  are  inexhauftible.  La- 
borious men  have  confecrated  their  lives  to 
the  obfervations  and  defcriptions  of  the  ha- 
bits and  manners  of  certain  infects,  and  have 
left  the  fubjeft  fufficiently  replete  with  mat- 
ter for  the  gratification  of  future  inquirers. 

The  ftudy  of  natural  hiftory  would,  there* 
fore,  be  difcouraging,  on  account  of  the  im- 
menfity  of  the  profpecl:,  if  the  difficulties 
were  not  removed  by  arrangements,  by  which 
the  memory  is  relieved,  and  affifted.  Thefe 
arrangements  are  called  methods.  They 
confift  in  fuch  a  difpofition  of  natural  bo- 
dies, as  places  thofe  neareft  each  other,  which 
have  iimilar  properties  ->  and  others  remoter, 
as  their  properties  differ.  The  claffification 
thus  made,  ought  to  be  founded  on  charac- 
ters 
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ters  which  are  conftant,  obvious,  and  eafy  to 
be  known. 

The  divifion  of  bodies  into  three  grand 
orders^  called  kingdoms,  namely,  the  mine- 
ral, the  vegetable,  and  the  animal  king- 
doms, is  founded  on  the  moft  ftriking  differ- 
ences of  character.  Though  the  two  laffc 
refemble  each  other  in  fome  of  their  leading 
properties,  yet  they  are  fufficiently  different 
from  each  other  in  their  external  form  and 
organization,  to  be  confidered  feparately. 

Minerals  form  the  mafs  of  the  globe,  or 
rather  the  external  cruft,  as  far  as  the  la- 
bours of  men  have  penetrated.  They  do  not 
increafe  in  volume,  but  by  juxta  pofition 
of  parts,  and  the  force  of  attraction.  They 
are  fubject  to  no  alteration,  but  fuch  as  arifes 
from  the  chemical  action  of  fubftances  on 
each  other.  They  are  called  inorganized,  or 
inanimate  bodies. 

Vegetables,  on  the  contrary,  grow  larger 
by  an  internal  force  or  principle.  They 
have  organs  which  elaborate  the  juices  they 
attract  from  the  earth,  and  from  the  air. 
They  are  fubject  to  the  modifications  of  liv- 
ing fubftances.  They  grow,  live,  and  die. 
They  produce  their  like  by  a  true  generation. 

Laftly,  animals  have  more  complicated  or- 
gans than  vegetables ;  their  changes  are  more 
rapid;  and  they  are  much  more  fubjected  to 
the  action  of  furrounding  bodies,  in  propor- 
tion 
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tion  to  their  loco-mobility,  and  their  highef 
degree  of  fenfibility. 

That  part  of  natural  hiflory  which  re- 
lates to  minerals,  is  called  mineralogy.  The 
early  naturalifls  divided  minerals  into  a  great 
number  of  claffes.  In  their  methodical  enu- 
meration, they  admitted  earths,  lands,  foft 
ftones,  hard  ftones,  precious  ftones,  figured 
ftones,  falts,  fulphurs,  pyrites,  minerals, 
metals,  &c.  Thofe  who  are  defirous  of  ob- 
serving the  fucceffive  progrefs  of  mineralo- 
gy, from  the  time  of  Henckel,  one  of  the 
firft  who  has  treated  methodically  on  this 
fubject,  to  that  of  Daubenton,  whofe  clari- 
fication is  a  mafter-piece  of  precifion  and 
exactnefs,  may  fee  the  fyftems  in  fuccef- 
five order  collected  in  the  Introduction  to 
the  Manuel  de  Mineralogifte  of  Mongez, 
publifhed  in  1784,  at  Paris.  The  fuccef- 
five periods  of  this  fcience  are  marked  by  the 
labours  of  Bromel,  Cramer,  Henckel,  Wol- 
terftdorff,  Gellert,  Cartheufer,  Jufti,  Leh- 
man, Wallerius,  Linneus,  Vogel,  Scopoli, 
Rome  de  Lille,  Cronftedt,  De  Borne,  Mon- 
net,  Bergman,  Sage ;  and  laftly,  Daubenton, 
who  in  the  prefent  flate  of  the  fcience  has 
left  fcarcely  any  thing  to  be  defired. 

To  obtain  a  knowledge  of  the  great  num- 
ber of  minerals  which  compofe  the  globe, 
they  muft  be  arranged  in  feveral  clafTes,  dif- 
tinguimed  by  very  evident  characters.  We 
fhall,  therefore,  divide  them  into  three  fec- 

tions. 
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tions.  Under  the  firft  we  mall  range  earths, 
and  ftones,  which  have  no  tafte,  and  do  not 
burn  when  heated  with  contact  of  air;  un- 
der the  fecond,  faline  matters,  having  more 
or  lefs  tafte,  which  melt  in  water,  and  do 
not  burn  -y  and  under  the  third,  combufti- 
ble  fubftances,  not  foluble  in  water,  and 
exhibiting  a  flame  more  or  lefs  evident  when 
expofed  to  the  fire  with  accefs  of  air. 

Earths  and  ftones  form  the  greateft  part  of 
our  globe,  and  are  eafily  diftinguifhed  from 
falts  or  inflammable  bodies,  by  their  infolu- 
bility  and  unchangeablenefs  in  the  fire. 
Their  arrangement  in  beds,  or  fucceffive 
ftrata,  conftitutes  mountains  or  hills,  and 
plains.  In  the  former,  they  are  either  in 
ihapelefs  mafles,  or  in  ftrata  inclined  to  the 
horizon.  In  the  plains  they  are  horizontally 
difpofed,  and  covered  with  a  bed  of  mold  fit 
for  the  vegetation  of  plants,  which  is  pro- 
duced by  the  decompofition  of  the  orga- 
nized bodies  that  are  formed  and  decay  on 
the  furface  of  the  earth.  The  feveral  kinds 
of  earth  are  frequently  diftributed  in  a  regu- 
lar cryftalline  form  in  the  clifts  or  fub terra- 
neous cavities.  Water,  which  appears  to 
have  formed  the  greateft  part  of  thefe,  con- 
tinually attenuates  them,  tranfporting  them 
from  one  place  to  another,  and  in  general 
producing  in  them  many  changes.  Their 
natural  hiftory  is  divided  into  geology  and 
lithology ;  the  former  treats  of  earths,  the 
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latter  of  ftones.  But  thefe  two,  as  we  have 
before  obferved,  ought  to  be  ranged  in  the 
fame  clafs ;  becaufe  earths,  if  we  except  the 
foil  formed  by  the  refidue  of  decayed  orga- 
nized matters,  are  nothing  elfe  but  ftones, 
whofe  aggregation  is  deftroyed,  and  {tones 
are  formed  by  the  union  of  earths. 

The  number  of  different  forms  of  earths 
and  ftones  being  very  great,  and  the  know- 
ledge of  them  of  great  importance  to  fcience, 
as  well  as  to  the  common  applications  of 
them  to  ufeful  purpofes,  naturalifts  have  in  all 
ages  been  induced  to  endeavour  to  diftin- 
guifh  them  by  fure  and  eafy  methods.  The 
ancients  had  not  the  idea  of  claffing  them 
from  their  diftindtive  characters,  but  content- 
ed themfelves  with  defcribing  their  general 
properties,  and  the  hiftory  of  the  ufes  they 
were  applied  to,  together  with  their  value, 
or  the  degree  of  eftimation  they  were  then 
held  in.  From  this  it  is  that  the  greateft 
part  of  the  ftones  defcribed  by  Pliny,  are 
not  to  be  found  or  known.  Modern  natu- 
ralifts, aware  of  the  inconveniencies  of  this 
method  of  defcribing  ftones,  have  taken  an- 
other method  of  diftinguifhing  them,  with  the 
intention  that  all  future  ages  may  underftand 
their  defcriptions.  It  is  from  the  external 
and  fenfible  properties  of  thefe  fubftances, 
that  they  have  diftinguifhed  them  into  or- 
ders, gener,  and  fpecies,  and  have  by  that 

means 
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means  rendered  the  ftudy  of  them  more  eafy 
and  advantageous. 

The  external  and  fenfible  characters  which 
diftinguifh  earths  and  ftones  in  the  modern  li- 
thologicaf  methods,  confift  in  their  form, 
their  hardnefs,  their  internal  ftructure,  or 
their  appearance  when  broken,  and  their  co- 
lour. Several  naturalifts  have  added  to  thefe 
fome  of  their  chemical  characters,  more  ef- 
pecially  their  habitudes  in  the  fire,  and  with 
acids.  We  fhall  here  confider  each  of  thefe 
properties,  that  the  application  of  the  ge- 
neral principles  to  the  particular  hiftory  of 
each  genus  of  ftones  may  be  better  under- 
ftood. 

§  1.  Concerning  the  Form  or  Figure  of 
Stones,  confidered  as  one  of  their  general 
Characters. 

By  the  form  of  ftones,  is  underftood  the 
respective  arrangement  of  their  furfaces,  with 
relation  to  each  other.  The  moft  tranfient 
view  of  a  collection  of  ftones  in  a  cabinet  of 
natural  hiftory,  (hews  that  fome  poffefs  a 
regular  geometrical  figure,  while  others  are 
altogether  without  any  fymmetry  as  to  their 
form  ;  and  that  this  regularity  is  in  fome 
cafes  found  in  tranfparent,  and  in  others  in 
opake  bodies.  Obfervation  has  demonftrated, 
that  fome  kinds  of  ftones  affect  a  peculiar 
form  in  their  cryftals,  and  that  other  kinds 
P  2  are 
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are  never  found  but  in  mif-fhapen  frag- 
ments. Many  naturalifts  are  of  opinion  that 
all  ilony  matters  have  the  property  of  taking 
a  cryftallized  form,  which  is  more  remark- 
able in  fome  than  in  others  ;  but  that  all 
have  their  peculiar  forms,  which  are  fenfible 
even  in  their  fmalleft  parts.  This  is  the 
opinion  of  Rome  de  Lille,  who  has  written  a 
very  copious  and  exact  hiftory  of  all  mineral 
fubftances  relative  to  their  feveral  cryftalli- 
zations  *.  This  philofopher  diftinguifhes 
the  form,  which  ftones  and  all  other  minerals 
affect,  under  three  denominations  of  deter- 
minate, indeterminate,  and  confufed  cryftal- 
lization,  and  obferves,  that  there  is  no 
mineral  fubftance,  which  does  not  come 
under  one  of  thefe  three  claifes.  The  truth 
is,  that  as  many  of  thefe  affect  the  fecond 
and  third  kind  of  cryftallization,  which  are 
irregular,  and  not  eafy  to  be  diftinguifhed, 
we  cannot  avail  ourfelves  much  of  the  cry- 
stalline form  of  ftones  to  give  them  pofitive 
and  determinate  characters  from  this  cir- 
cumftance.  Many  mineralogifts  have,  never- 
thelefs,  eftablifhed  entire  fyftems  of  litho- 
logy  and  mineralogy  on  the  regular  external 
forms  of  the  matter  defcribed.  Linneus  is 
the  firfl  who  adopted  this  plan,  and  though 
he  has  not  entirely  accomplifhed  the  in  ten* 

*  Criftallographie,  ou  Defcription  des  formes  propres 
a  tous  les  Corps  du  Rcgne  mineral,  &c.  Paris,  1783. 
4  torn.  Svo. 
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tion  meant  to  be  anfwered  in  his  methodi- 
cal divisions,  he  at  leaft  directed  the  attention 
of  obfervers  to  the  forms  of  cryftals,  and 
opened  the  way  to  all  the  difcoveries  iince 
made  refpecting  them. 

Such  is  the  prefent  ftate  of  opinions  re- 
lative to  the  influence  of  cryftallography  on 
the  ftudy  of  ftones  and  minerals.  It  is  very 
ufeful  to  lead  us  tothehiftoryof  the  formation 
of  thefe  fubftances,  and  may,  in  fome  cafes, 
throw  great  light  on  inquiries  refpecting 
their  nature.  It  may  even  ferve  to  diftinguifh 
them  from  each  other;  but  it  is  not  fufficient 
to  ferve  as  the  bails  of  an  entire  fyftem  of 
mineralogy,  becaufe  it  is  in  reality  nothing 
more  than  one  of  the  feveral  means,  by  the 
union  of  which  fuch  a  fyftem  may  be  con- 
structed. M.  Rome  de  Lille,  who  has  fo 
greatly  diftinguifhed  himfelf  by  his  re- 
fearches  into  the  forms  proper  to  all  mine- 
rals, has  not  availed  himfelf  of  this  alone 
in  his  claffification  of  bodies,  but  has  only 
examined  and  defcribed  thofe  minerals  arrant- 
ed  according  to  their  refpective  faline,  ftony 
or  metallic  nature,  and  their  mutual  com- 
binations. 

§  2.     Concerning  Hardnefs,  confidered  as  a 
Character  of  Stones. 

The  aggregation  of  the  parts  which  com- 

pofe  ftones  is   fo  various,    that   lithologifts 

P  3  have 
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have  advantageoufly  made  ufe  of  it  to  dif- 
tinguim  them  from  each  other.  Some  have 
an  aggregation  fo  ftrong,  and  are  confe- 
quently  fo  hard,  that  fteel  of  the  higheft 
temper  makes  no  impreffion  on  them.  Such 
are  the  precious  ftones  or  gems.  Others  yield 
with  difficulty  to  the  action  of  inftruments ; 
fuch  are  quartz,  flints,  agate,  hard  fand- 
ftone,  porphyry,  and  granite.  All  thefe  ftones, 
when  ftruck  againft  a  piece  of  fteel,  produce 
a  great  number  of  fparks ;  which  circum- 
ftance  has  occafioned  them  to  be  called  fcin- 
tillant  or  fparkling.  Thefe  fparks  arife  from 
fmall  portions  of  the  fteel  which  are  ftruck 
of  by  the  ftone,  and  fuddenly  fet  on  fire 
by  the  ftrong  percuflion  they  undergo. 
This  heat  is  fo  confiderable,  that  the  parti- 
cles are  melted ;  fo  that  when  collected  on 
white  paper,  and  obferved  with  a  good  mag- 
nifier, they  are  found  to  be  a  kind  of  femi- 
vitrified  calx,  fimilar  to  that  produced  at 
iron  forges.  Stones  that  give  fire  having 
different  degrees  of  confiftence,  from  gems, 
and  rock  cryftal,  to  the  tender  fand-ftones, 
and  filiceous  breccias  of  modern  formation, 
the  quantity  of  fparks  muft  vary  in  the  fame 
proportion. 

There  is  a  great  number  of  ftones,  whofe 
aggregation  is  much  lefs  confiderable,  and 
which  are  foft  enough  to  be  cut  and  formed 
by  fteel  inftruments.  Thefe  do  not  give 
fire  with  fteel,  but  break  with  different  de- 
grees 
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grees  of  facility  when  ftruck  with  a  hard 
tool.  The  difference  of  confidence  in  Hones, 
which  do  not  give  fire  with  the  fteel,  is  ob- 
fervable  in  their  other  properties.  Some,  as 
for  example  marble  and  alabafter,  receive  a 
good  and  uniform  polifli ;  others,  as  for 
example,  moll  of  the  calcareous  ftones,  are 
capable  of  an  inferior  or  falfe  polifli,  and 
have  always  a  dull  greafy  appearance.  Some 
judgment  may  be  formed  of  the  kind  of 
polifli  ftones  are  capable  of,  by  the  appear- 
ance they  exhibit  when  wetted;  the  moif- 
ture  producing  the  effect  of  a  polifli  while  it 
lafts. 

It  is  to  be  noted,  that  many  flones  may 
afford  fparks,  though  they  are  not  really  of 
the  clafs  of  fcintillant  ftones.  Thefe  are 
produced  by  their  being  of  a  mixed  kind, 
and  containing  fragments  of  ftones  fuffi- 
ciently  hard  to  produce  fparks.  Thus  it  is 
that  feveral  kinds  of  calcareous  marble  give 
fparks,  when  ftruck  with  the  fteel,  in  con- 
fequence  of  the  quartzofe  or  flinty  particles 
intermixed  with  their  calcareous  pafte. 

The  denfity  of  ftones  is  neceffarily  as  their 
fpecific  gravity.  Some  naturalifts  have  con- 
fidered  this  laft  property  as  very  important 
for  the  claffification  of  ftony  fubftances. 
M.  de  Buffon  is  of  this  opinion.  But  this 
character,  however  important  for  afcertain- 
ing  the  natural  order  and  formation  of  thefe 
fubftances,  requires  accurate  experiments  to 
Pa.  be 
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be  made,  and  cannot  be  ufed  in  the  litholo- 
gic  methods,  in  which  facility  and  fimpli- 
city  are  neceffary  requifites.  to  guide  ftudents 
at  their  entrance  into  this  part  of  natural 
hiftory. 

§  III.    Concerning  the  Fracfture,  confidered 
as  a  Character  of  Stones. 

When  a  ftone  is  broken,  the  newly  fepa- 
rated  furfaces  exhibit  a  peculiar  arrangement 
of  the  integrant  particles,  which  is  different 
in  different  fpecies.  Lithologifts  call  this 
appearance  the  fradture,  and  it  affords  very 
ufeful  characters  to  diftinguifh  ftones  from 
each  other.  By  comparing  the  circumftan- 
ces  which  relate  to  the  fradture  of  all  the 
ftones  we  are  acquainted  with,  it  is  eafy  to 
reduce  thefe  fractures  to  feveral  kinds. 

Some,  for  example,  break  like  glafs,  with 
a  polifhed  furface,  of  a  regularly  curved 
figure,  and  this  is  called  the  vitreous  frac- 
ture. It  is  obferved  in  rock-cryftal,  quartz, 
&c. 

Others  prefent  a  furface  clean  and  polifh- 
ed,  but  formed  of  fucceffive  undulations,  re- 
fembling  thofe  obferved  on  fome  fhells. 
The  two  pieces  applied  together,  in  general 
fit  each  other  very  neatly.  This  fradture  is 
diftinguifhed  by  the  name  fhelly,  or  fhell 
like.  The  undulations  arc  of  various  mag- 
nitudes and  appearance,  and  may  be  obferv- 
ed 
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cd  in  feveral  kinds  of  flint,  jafper,  agate,  or 
petro-filex. 

There  is  another  clafs  of  ftones,  which, 
when  broken,  exhibit  at  their  furfaces  an 
aflemblage  of  projecting  points,  refembling 
grains  of  land  worn  by  the  waters.  This  is 
called  the  granulated  fracture.  It  may  be 
eafily  cbferved  in  fand-ftone.  The  mag- 
nitude of  thefe  fmall  parts  affords  a  num- 
ber of  different  diftinctions.  It  is  with 
relation  to  this  kind  of  fracture,  that  we  fay 
a  ftone  has  a  fine  or  a  coarfe  grain. 

Laflly,  There  is  a  great  number  of  ftones, 
whofe  fracture  {hews  them  to  be  compofed 
of  many  equal  laminae  placed  upon  each 
other.  The  great  part  of  thefe  being  called 
fpars,  the  fracture  is  thence  denominated 
fparry,  fpathofe,  lamellated,  or  plated.  Thefe 
laminae  differ  from  each  other  in  their  ex- 
tent, magnitude,  thicknefs,  tranfparency  or 
opacity,  horizontal  or  oblique  pofition,  with 
refpect  to  the  axis  and  diameter  of  the  cry- 
ftallized  ftone,  that  being  fuppofed  to  be  placed 
vertically.  It  is  the  various  difpofition  of 
thefe  in  gems,  calcareous  or  ponderous  fpars, 
cryftals,  &c.  which  fometimes  caufes  the 
brilliant  or  chatoyant  *  appearance  obferv- 
ed  in  talc,  and  the  various  kinds  of  feldt- 

*  Wc  have  no  Englifh  word  to  exprefs  this  modification 
of  light, 

fpar, 
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/par,   as  the  cat's  eye,  the  avanturine,    the 
labrador  ftone,  &c. 

Some  authors  have  made  divifions  of 
ftones,  founded  on  their  general  appearance, 
together  with  their  fra&ure.  Cartheufer,  in 
1755,  publifhed  a  fyftem  of  mineralogy,  in 
which  he  diftinguifhes  ftones  into  lamellat- 
ed,  fibrous,  folid,  and  granulated.  But  the 
fradture  alone  is  infufricient  to  ferve  as  the 
bafis  of  a  complete  lithological  method,  but 
requires  to  be  contrafted  with  the  other  cha- 
racters examined  in  the  prefent  chapter.  * 

§  IV,  Concerning  Colour,    confidered  as  a 
Character  of  Stones. 

The  various  colours  obfervable  in  many 
ftones,  depend  on  combuftible  or  metallic 
fubftances  intimately  combined  with  their 
other  parts.  In  fome  fpecimens  the  colour 
is  uniformly  fpread  through  the  mafs,  in 
others  it  is  {ccn  only  in  certain  fpecks  or 
points.  In  general  the  colouring  parts  of 
ftones  is  accidental,  or  not  always  found  in 
the  fame  kind,  and  varies  according  to  cir- 
cumftances.  It  is  indeed  true  that  the 
colour  is  fufficiently  conftantin  fome  ftones, 
as  the  gems,  the  fchorls  and  tourmalins,  to 
ferve   as   one    of  the  indications   of  their 

*  Vide  L'Introdu&ion  a  la  Sciagraphie  de  Bergman  par 
Mongez  le  jeune,  page  21. 

kind  j 


EARTHS    AND    STONES.  235 

kind ;  but  as  its  utility  in  this  refpect  is 
very  confined,  it  is  not  much  applied  or 
efteemed  by  lithological  writers. 

Among  the  colours  which  ferve  to  dif- 
tinguifti  the  forts  and  varieties  of  ftones,  we 
may  diftinguifh  the  uniform,  or  equally  dis- 
tributed colour,  accompanied  with  tranfpa- 
reiicy  or  opacity,  and  fuch  as  are  unequally 
diftributed  in  irregular  fpots,  in  veins,  in 
points,  and  in  bands.  We  muft  likewife  pay 
attention  to  the  quantity  or  number  of  co- 
lours which  are  fometimes  obferved,  to  the 
number  of  fix  or  feven,  as  in  marbles.  From 
the  number  and  difpofition  of  the  colours 
in  thefe  natural  fubftances,  it  is  that  they 
have  been  divided  into  ftones,  of  one,  two, 
or  three  colours,  variegated,  fpotted,  veined, 
marbled,  clouded,  punctuated,  or  dotted,  or 
bearing  marks  of  vegetation,  or  other 
figures,  &c. 

§  5.   Concerning  the  Alteration  produced  by 
Fire,  confidered  as  a  Character  of  Stones. 

Some  mineralogifts,  not  content  with  exa- 
mining ftones  by  the  exterior  and  fenfible 
qualities,  have  alfo  fought  for  means  of 
diftinguifhing  them  by  their  chemical  cha- 
racters. The  action  of  fire,  and  the  altera- 
tion they  are  refpectively  fubject  to  from 
this  agent,  has  been  regarded  by  many  li- 
thologifts,  as  a  good  means  for  obtaining  a 

knowledge 
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knowledge  of  their  differences.  They  have 
obferved  that  fome,  as  for  example,  quartz, 
lofe  their  tranfparency  and  hardnefs,  by  fire, 
but  are  no  othervvife  changed  ;  that  others 
fuffer  no  change,  as  for  example,  rock  cry- 
ftal ;  that  others  again  melt,  and  become 
converted  into  a  glafs  of  a  different  colour, 
as  fhorls,  zeolite,  afbeftos,  amianthus,  gra- 
nite ;  and  laftly,  that  others  lofe  their  con- 
fiftence,  and  part  of  their  weight,  without 
melting,  and  at  the  fame  time  acquire  the 
property  of  folubility  in  water,  as  all  the 
calcareous  ftones  do.  Other  experiments 
fhew,  that  fome  ftones  lofe  their  colour  in 
the  fire,  while  in  others  it  is  rendered  deep- 
er by  the  fame  agent.  Thefe  are  among  the 
general  refults  of  the  labours  of  MefTrs. 
Pott,  D'Arcet,  and  many  other  chemifts. 

Thefe  various  alterations  are  neceflary  to 
be  known,  in  order  to  render  the  hiftory  of 
ftones  more  complete,  and  to  fhew  their  re- 
fpedlive  natures.  They  fhew  in  general, 
that  fuch  ftones  as  are  the  leaft  changed  by 
the  fire,  are  the  moft  fimple;  but  they  can- 
not be  of  any  great  utility  in  lithological 
methods,  becaufe  they  require  the  comple- 
tion of  experiments,  which  cannot  be  made 
but  in  a  long  time,  and  with  confiderable 
fkill.  Whereas  the  characters  beft  calcu- 
lated for  the  clarification  of  ftones,  ought 
to  be  eafy  to  be  known  or  obtained,  and 
either  founded   on    fuch  properties  as  the 

eye 
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eye  can  afcertain,  or  at  leaft  may  be  collect- 
ed from  fimple  and  ready  trials  or  effays. 

It  is  true  indeed,  when  exterior  properties 
are  infufficient,  that  we  may  fometimes 
avail  ourfelves  of  the  change  produced  in 
ftones  by  fire,  by  the  help  of  the  blow- 
pipe recommended  by  Bergman  ;  but  how- 
ever fimple  this  ingenious  method  may  be, 
it  always  implies  the  neceffity  of  carrying 
an  apparatus  inconvenient  to  travellers,  and 
the  procefs  is  better  calculated  to  be  per- 
formed in  a  laboratory,  than  on  a  lithologic 
excurfion.* 


§  VI.  Concerning  the  Adtion  of  Acids  con- 
fidered  as  a  Character  of  Stones. 

Acids  are  the  folvents  mofl:  commonly 
employed.  Though  we  have  not  yet  fpoken 
of  theie  falts,  it  is  neceffary  we  mould,  in 
this  place,  make  a  few  remarks  on  the  phe- 

*  See  Bergman  on  the  blow-pipe,  at  the  end  of  his  Che- 
mical Effays,  tranflated  into  Englifh,  and  published  in  Lon- 
don, 1784. 

If  a  blow-pipe,  a  piece  of  charcoal,  a  fmall  filver  fpoon, 
and  three  fmall  phials,  containing  fait  of  foda,  microcof- 
mic  fait,  and  borax,  compofe  an  apparatus  inconvenient  to 
travellers,  and  if  a  procefs,  eafy  to  be  executed  in  anyplace 
where  a  candle  can  be  defended  from  the  wind,  require 
a  chemical  laboratory,  the  author  is  right  in  difcouraging 
this  excellent  fmall  analyfis.  Very  complete  apparatus  for 
this  purpofe,  are  fold  in  London,  contained  in  a  box  no 
larger  th?.n  a  book  in  twelves,  at  Brown's,  bookfeller,  the 
corner  of  Effex-ftreet,  near  the  Strand.   T. 

nomena- 
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nomena  exhibited  by  fome  ftones,  when 
placed  in  contact  with  acids.  The  greater 
number  are  not  at  all  acted  on,  or  changed 
by  acids  ;  but  there  are  fome,  which,  upon 
a  drop  of  nitrous  acid  being  put  on  their 
furface,  by  means  of  a  fmall  tube,  are  acted 
on  in  fuch  a  manner,  that  the  efcape  of  bub- 
bles, pafling  through  the  acid,  occafions  an 
appearance  refembling  ebullition.  This  phe- 
nomenon is  called  effervefcence,  and  is  ow- 
ing to  an  aeriform  fubftance  feparated  from 
the  fubftance  by  the  action  of  the  acid.  The 
elaftic  fluid  is  itfelf  a  peculiar  acid,  difen- 
gaged  by  the  acid  dropped  on  the  ftone,  and 
is  the  product  of  a  true  decompofition.  All 
calcareous  ftones  containing  fixed  air,  effer- 
vefce,  by  the  contact  of  acids,  and  efpecially 
with  that  of  nitre,  which  is  ufually  employed 
in  thefe  eflays.  This  difengagement  of  an 
aeriform  fluid,  fhews  in  reality,  that  the 
matter  it  efcapes  from  is  a  faline  combina- 
tion ;  but  as  it  is  a  combination  poflefTed 
neither  of  tafte  nor  folubility  in  water,  in 
any  obvious  degree,  and  as  it  befides  forms 
a  great  part  of  the  external  cruft  of  the 
globe,  naturalifts  have  always  regarded  it  as 
a  ftony  fubftance. 

All  ftones  may  therefore  be  diftinguifhed 
into  effervefcent  and  non-effervefcent.  A 
fmall  phial  of  nitrous  acid  becomes,  there- 
fore, of  courfe,  a  necefTary  article  in  fuch 
excurfions  as  are  made  with  the  intention  of 

collecting 
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collecting  ftones,  and  together  with  the  mag- 
fier  and  the  fteel,  is  the  only  inftrument  ne- 
ceffary  to  be  ufed  by  the  lithologift. 

Since  Bergman  has  recommended  the  exa- 
mination of  ftones  by  fire,  with  the  affift- 
ance  of  the  blow-pipe,  they  are  effayed  like- 
wife  with  mineral  alkali,  borax  and  fufible 
fait  of  urine,  which  acl:  differently  on  thefe 
matters  according  to  their  nature ;  and  in 
general  exhibit  a  fufion  more  or  lefs  com- 
plete, accompanied  with  different  phenome- 
na. We  mall  fpeak  more  largely  on  this 
method  of  analyzing  ftones,  in  the  chapter 
wherein  the  other  methods  of  analyzing 
them  will  be  tr^ted  of. 


CHAP.       II. 

The  Lithologic  Method  of  M.  Dau- 
benton,  extracted  from  his  Ta- 
bleau de  Mineralogie. 

A  MONG  all  the  lithologifts  who  have  at- 
-**'  tempted  the  methodical  diftribution  of 
ftones,  there  is  no  one  who  has  given  divi- 
fions  more  exact,  more  clear,  or  more  eafy 
to  be  underftood,  than  M.  Daubenton.  The 
fkill  with  which  this  celebrated  naturalift 
has  contrafted  the  characters  of  thefe  fub- 
ftances,  renders  his  method  much  more  ac- 
curate 
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curate  and  ufeful,  than  all  thofe  hitherto 
propofed.  The  properties  he  has  felected  as 
the  bafes  of  his  characters,  are  all  conftant 
and  eafy  to  be  known.  They  confift  efpe- 
cially  in  the  regularity  or  irregularity  of 
form  ;  tranfparency,  more  or  lefs  perfect, 
or  opacity  ;  confiftence,  or  hardnefs,  the 
polifh  ftones  are  fufceptible  of;  form,  or 
refpeftive  arrangement  of  integrant  parts, 
which  occafions  the  vitreous,  fhell-like,  gra- 
nulated, lamellated,  and  fpathofe  fradtures  -, 
the  colours,  when  they  are  not  accidental ; 
the  furface,  dull,  brilliant,  or  chatoyant. 
As  it  would  be  impofiible  to  improve  on  the 
precifion  and  perfpicuity  af  the  fyftem  of 
M.  Daubenton,  we  mall  exhibit  in  this  place 
his  divifion  of  earths  and  flones,  as  he  has 
laid  them  before  the  public  in  his  Tableau 
Methodique  des  Mineraux.* 

*  Tableau  methodique  des  Mineraux,  fuivant  leurs  dif- 
ferents  natures,  et  avec  des  characteres  diftinctifs,  appa- 
rens,  ou  faciles  a  reconnoitre ;  par  M.  Daubenton,  &c. 
Paris,  chez  Demonville,  Pierres,  Debure,  Didot  1'aine, 
&c.   1784,  in-8.  de  36  pages. 
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ORDER    THE     FIRST. 

MINERALS. 

SANDS,   EARTHS,  AND  STONES.* 

Thefe  Sub/lances  do  not  diffbhe  in  Water  Hka 
Salts,  nor  burn  like  combufiible  Bodies,  nor 
have  the  Brilliancy  of  Metallic  Matters. 

CLASS    THE    FIRST. 

Stones  that  give  Fire  with  Steel. 

Genus  I.     Quartz. 

Cryfialline  Subftance,  fraclure  vitreous  not  lamellated. 

Species  L  Opake,  or  femi-tranfparent  Quartz. 

i.  fat 

2.  grained 
Varieties.     }     3.  milky 

4.  foliated 

5.  cryflallized 

Species  II. 


#  In  this  place,  we  only  give  a  part  of  the  table  of  M. 
Daubenton  ;  but  when  we  treat  of  the  hiflory  of  falts  and 
combuftible  bodies,  we  (hall  give  the  diviaons  of  this  philo- 
sopher, 
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Species  II.  Tranfparent  Quartz,  Rock  Crystal. 

Two  Pyramids  of  fix  Faces,  with  or  without  a  Prifm 
of  fix  Sides  (between  them) 

1.  cryftallized 

2.  rough 

3 .  white 

4.  red.    BOHEMIAN  RUB* 

5 .  yellow.     OCCIDENTAL 
TOPAZ 

6.  ruddy  or  bkekifh. 
SMOAKT  TOPAZ 

7.  green 
8. blue.  WATER  SAPPHIRE 

9.  violet.     AMETHYST 

10.  iridefcent 

Species  III. 


Varieties- 


fopher,  relating  to  thefe  fubflances.  As  we  have  been  careful 
to  give  an  exact  copy  of  his  table,  even  fo  far  as  to  ufe  the 
fame  type  or  characters,  we  think  it  proper  to  fubjoin  the  be- 
ginning of  the  advertifement  of  M.  Daubenton,  relating  to 
the  methodical  divifion  of  ftones.  The  following  are  the 
words  of  this  celebrated  naturalift. 

tf  This  table  has  been  expofed  in  manufcript  fince  the 
€(  year  1779,  in  the  Hall  of  the  College  Royal  during  my 
"  lectures ;  and  many  copies  of  it  have  been  taken.  I  have 
<'  made  various  alterations,  as  I  have  received  or  acquired 
<c  new  information  refpeaing  mineralogy..  I  have  even  a- 
'«  bandoned,  for  the  prefent,  my  defign  of  inferting  the  che- 
''  mical  analyfis  of  different  minerals  in  my  tables,  as  I  had 
'«  begun  to  do,  becaufe  a  fufficient  number  has  not  yet  been 
«<  analyfed.     My  principal  object  in  drawing  out  this  prefent 

"  table, 
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pedes  III.     Quartz   in  agglutinated   fragments* 

Grit-ftone,  or  Siliceous  Grit, 

granulated  fraclure. 

1.  hard  Grit-flone 

2.  friable 

3.  from  the  Levant.   Very  fine 
grain 

4.  Filtering  Stone.     Porous 

5.  Glittering 

6.  veined 

7.  exhibiting   figures    of 
plants 

to  8.  coarfe  grained 

Species  IV. 


Varieties.     -{ 


table,  has  been  to  facilitate  the  fludy  of  mineralogy.  The 
bell  means  of  diffufing  the  knowledge  of  the  fciences,  is 
to  fimplify  their  elements.  Methodical  divifions  promote 
this  intention  ;  for  though  it  is  impoflible  to  give  defcrip- 
tive  characters  perfectly  agreeing  with  nature,  yet  fuch  as 
they  are,  they  are  convenient,  ufeful,  and  even  necefTary. 
In  the  full  explanation  of  my  table,  which  I  propofe  to  give 
in  my  Lecons  d'Hiftoire  Naturelle,  now  in  the  preis,  I 
mall  mew  the  advantages  and  defects  of  my  methodical  dif- 
tribution  of  minerals.  I  fhall  only  take  notice  in  this 
place,  that  minerals  are  diflributed  in  this  table  into  orders, 
claiTes,  fpecies,  and  varieties.  The  diftinctive  characters 
of  each  article  of  thefe  methodical  divifions  are  printed  in 
Italic." 

■'  Among  the  names,  there  are  fome  in  Roman  capitals, 
and  others  in  Italic  capitals.  The  former  are  fuch  as  I 
think  moll  fuitable  to  the  things  they  denote  ;  the  others 


CL* 


ate 
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Species  IV.     Quartz,  in  loofe  Grains,  Sand, 

vitreous  Surface. 

I.  angular 
rounded 


I 


Varieties. 

moving 

fluid 


Species  V.     Quartz  in  concrete  MalTes. 
Sandy  and  quartzofe  Pudding  Stones,  or  breccias. 

Genus  II.     Semi-tranfparent  Stones, 
vitreous  frafture,  fometimes  concboidal. 

Species  I.    Agates. 

of  all  colours,  except  the  milk  white,  the 
fine  red,  the  orange,  and  the  green. 

1.  clouded 

2.  punctuated 

3.  fpotted 

4.  veined 

Varieties.    -<    I' .  .*.  , 
•    6.  lriied 

7.  prefenting  the  appearance 

of  herbs 

I    8.  prefenting  the  appearance 

L        of  mofs 

^— — 11  ■        ■    ■   ■  ■  1  1  1 11  ^ 

**  are  fynonymes,  whofe  ufe  would  be  attended  with  incon* 
t(  venience,  and  are  inferted  only  to  facilitate  the  know- 
5  ledge  of  the  things  defcribed.'* 

Species  II. 
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Species  II.     Chalcedonies, 

milky  tranjparency 
I.  reddifh 
2.blueifh 
3.  veined 


4. onyx 

5.  iridefcent.     opals 

6.  rounded  and  folid.   gira- 


Varietles.     ^ 


SOLS 

7.  rounded  and  hollow,    hy- 

DROPAL      CHALCEDONY 

(Enhydre) 
8.inftala&ites 
9.  infediment 
j    10.  hydrophanes 


Species  III.    Carnelians, 

beautiful  red 
pale 


r 


Varieties. 


2.  pun£hiated 

4  3*  onyx 

I    4.  exhibiting  figures  of  herbs 
j^  5.  in  flala&ites 


Species  IF.    Sardonyx, 

crange  colour 

pale 


Varieties*    I    3. 


veined 
onyx 

prefenting  figures  of  herbs 
5,  blackifh 


CL3 


Species  V. 
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Species  V.     Flints, 

grey,  white,  reddifh,  blackijb. 

T,    .    .  f    I .  with  tubercles 

Varieties.     I        .    , 

I    2.  m  layers 

Species  VI.    The  Prafeum, 

green. 

f    I.  green 
Varieties.     <    2.  clouded 
*•    3.  fpotted 

tymVj  WZ,     Jade, 

greajy  polijh. 

*    1 .  whitifli 
Varieties.     \    2.  olive  colour 
L   3.  green 

Species  VIII.    Petrofilex, 

tranfparency  of  wax,  conchoidal  fr allure* 

C    1.  white 
Varieties.     <    2.  reddilh 
*•    3.  veined 


Genus  III.     Opake  Stones, 
vitreous  fraclure,  fometimes  conchoidal,  or  dull 

Species  I.    Mill  Stone, 

more  or  lejs  porous. 

,r    .    .  C    1.  porous 

Varieties.     <        *     r       r  tl 
I    2.  den fe  or  full 

«S^#Vj  77. 
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Species  II.    Pebbles, 

concentric  layers. 

i.  fpotted 


Varieties.    4\ 


2.  veined 

3.  onyx 

4.  oculiform 

5.  prefenting   the  figure  of 
herbs 

6.  concreted  into  breccias. 

L  PUDDING  STONES 

Species  III.    Jafper, 

vitreous  fratlure,   often  dully  and  without 

concentric  layers. 

1.  green 

2.  red 

3.  yellow 

4.  brown 
5  violet 
6.  black 

7.  grey 

8.  white 

9.  clouded 

10.  fpotted 

1 1 .  veined 

12.  onyx 

13.  flowered 

14.  univerfal 

15.  fragments  united  in  brec- 
cias 


Varieties. 


cu 


Genus  IV. 
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f  I .  in  ol 

I  •' 

2.  in  : 

^  fur 

i 
i 

I 


Genus  IV.    Scintillating  Spar.  Feld-spath. 
Species  I.     Feld-Spath,  regularly  cryftallized. 

f  I.  in  oblique  (angled)  prifms 
four  fides 

fix-fided  prifms,   with 
Varieties.     ^  furamits  of  two  planes 

3.  in  ten-fided  prifms,  with 
fummits  of  two  planes  and 
four  facets 

species  II.    Feld  Spath  cryftallized  confufedly 

"1  white 

2.  pearl  grey,     fishes  eye 

3.  red 

4.  red  with  brilliant  fpangles. 

NATURAL  AVANTURINE 

5.  green 

6.  blue 

7.  violet 

8.  green  and  blue,  by  inter- 
nal reneftion,  LABRA- 
DOR STONE 

9.  varioufly  coloured,  by  in- 
ternal reflection,      cat's 

eye 

m  ■  ■ '  ■  ■ 

Genus  V.     Cryftal  Gems, 
transparent  and  lamellate d,  not  elettrifiable  by  heat 
alone  without  friftion. 
Species  L    Red, 


Varieties. 


Varieties. 


fi.  Garnets 
cryftallized  with  1  2,  36,  cr 
24  facets.     There  are  al/o 
yellow,  brown,  i$c.  garnets 
2.  The 


Varieties. 
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{ 


2.  The  balafs  Ruby 

rcfe  colour,  oclahedral  cryf- 

ials 


Species  II.     Red  and  orange 

3.  Spinell  Ruby 


Varieties. 


1 


fire  colour,  cryftallized  like 
tee  balcfs  Ruby 

4.  Vermillion 

cryftaUized  like  the  gar;::t 

5.  Hyacimhe-la-belie 

cryftallized  under  4  hexa- 
gonal fides  'with  fummits 
having  4  Rbombcidal  fa- 
cets. 


Species  III.     Orange  coloured. 

6.  Hyacinths 
Variety 


Species  IV.    Yellow 


Varieties, 


cryftallized  like  the    Hya- 
a'nthe-la- belle 


7.  oriental  Topaz 

cryftallized  in  2  Pyramids 
cfi  6  facets 
^    8.  Saxon  Topaz 

cryftallized  in  prifms  of 
eight  fides,  with  fummits 
cf  1 3  fa:es 


I 

Species  V.     Yellow  and  green. 

9.  Peridots,  CHRYSOLITES, 
Variety,  cryftallized  in  a  prifm  of  6 

fides,  with  Pyramids  cf  6 
faces 


:s  VI. 
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Species  VI.     Green. 

io.  Emeralds  of  Peru 
Variety.  cryjlallized  in  Jix-Jtded 

Prifms. 

Species  VII.     Green  and  blue. 

1 1 .  Aqua-marine 

Variety.  cryjlallized  like  the  Saxon  to* 

paz 

Species  VIII.     Blue. 

12.  Oriental  Sapphire 
Variety.                 cryjlallized  like  the  oriental 

topaz 

Species  IX.     Indigo. 

13.  Indigo  Saphir 

Variety.  cryjlallized  like  the  oriental 

topaz  and  fapphire 

Species  X.     Red  and  violet.* 

f    14.  Syrian  Garnets 

cryjlallized  like  the  garnet 
Varieties.     ^     15.  oriental  Ruby 

cryjlallized  like   the   Topaz 
^         and  oriental  Sapphire 


*  Such  Gems  as  are  formed  without  colouring  matter  arc 
white.     Note  of  M.  Daubenton 


Genus  VI. 


(    25I    ) 

Genus  VI.     Cryftal  Gems,  Tourmalins, 

compofed  of  lamina  perpendicular  to  the  axis  of  the 
cryftal,  eleclric  by  heat  alone  without  fricli  on. 


Varieties.     -{ 


1.  Brafilian  Ruby 

red  in  a  prifm  of  four  files, 
w  th  pyramids  of  four  facets 

2.  Braiilian  Topaz 

yellcw,    cryftaU'.zed  like  the 
Brajilian  Ruby 


Genus  VII.     Tourmalins, 
eleclric  by  heat  alone  without  friclicn>  and  without 
lamina  perpendicular  to  the  axis  of  the  cryftal. 

1.  Tourmalins  of  Ceylon 
tranfparent,  orange  coloured, 
not  much  furrowed  en   the 
furface 

2.  Tourmalins  of  Spain 
tranf parent  in  a  ftrong  light, 
orange  coloured,    'very  much 

furrowed 

3.  Tourmalins  of  Tyrol 
tranfverfal  fffures    m     the 

Varieties,     \         prifm 

4.  Tourmalins  of  Madagafcar 

SHORLS  OF  MADAGASCAR, 

opake,  black 

5.  Lenticular  Tourmalins 

6.  Peridots  of  Ceylon 
yellow  and  green,  mu:h  fur- 
rowed 

7.  Peridots  of  Brazil 
yellow  and  green,  much  fur- 
rowed 

8*  Emeralds 
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rieties.     4 


8.  Emeralds  of  Brazil 
green 

9.  Sapphire  of  Brazil 
llue\ 


Varieties.     < 


Genus  VIII.     Shorls, 
Not  eletlric  by  heat  without  frittion,  opake  cryf- 

tals,  or  long  green  femi-tr -an/parent  needles. 
Species  I.      Cryftallized  Shorls. 

1.  oblique  (angled)  prifm  of  four 
fides 

2.  fix-fided  prifm 

PIERRE   DE    CROIX 

3.  fix-fided  prifm,  with  fummits  of 
2  facets,  or  pyramids  of  three  or 
four  facets 

4.  eight- fided  prifm  with  fummits 
of  two  faces 

Species  II     In  articulated  fragments. 

Spathofe  Shorl. 
ilriae  with  Spathofe  -facets 
Varieties.     ^    2.  in  Mafles,     shorl  paste 

(Pafle  de  Shorl)  brilliant  points 
in  the  fracture 


f 


Genus  IX.     Azure  Stone, 
opake  and  blue 

VarietT     f    ■•P^'fcUue 
I    2.  blue 


■J-  All  thefe  Tourmalins,  except  the  lenticular,  are  cryftal- 
lized in  nine-fided  prifms,  with  fummits  of  three  or  fix  facets. 

Note  of  M.  Daubenton. 

CLASS 
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CLASS     THE     SECOND. 

Earths  and  Stones,   which  do  not  give  Fire 
with  Steely  and  do  not  effervefce  with  Acids. 


Genus  I.     Clays, 

when  moifi  they  are  duclile ;  when  dry  they  take  a 
polijhy  by  being  Jlightly  rubbed  with  the  hand. 

Species  I.     Clays  abfolutely  infufible, 

r    i.  ufed  to  make  pots  for  the  glafs* 

!   1 


Varieties,     i  houfe 

2,  for  tobacco  pipes 


Species  II.     Clays  partly  fufible, 

r    i .  for  porcelain 
Varieties.     <    2.  for  Englifti  pottery 
L    3.  for  ftone-ware 

Species  III.    Clays  intirely  fufible, 


Varieties. 


1.  for  common  pottery  and  delf- 
ware 

2.  for  Fayence 

3.  for  chimney  tiles  (Dutch  tiles) 

4.  for  tiles 

L  5 .  for  bricks 


Genus  IL 
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Genus  II.     Shiftus, 

argillaceous  and  foliated  fraclure. 
f  I.  black  ftone 
I    2.  common  Shiftus  or  flate 
J    3.  writing  flate 

Varieties*     *{    4.  polifhing  Hones 

15.  green  ftone 
6.  Hone  (Pierre  arafoir) 
L  7.  fragments  united  in  breccias 

Genus  III.     Talc, 

polifhed  glittering  plates^  without  Spathoje  fraclure, 

Species  I.     Talc  in  large  leaves  or  plates. 
Variety.         Mufcovy  talc. 

Species  II.     In  fmall  leaves. 

Variety.         Mica 


Genus  IV.     Steatites, 
greafy  feel>  like  tallow 
Species  I.     Steatites  in  laminae. 

r    1.  fine  French  chalk  (de  Briancon) 
I    2 .  coarfe  French  chalk  (de  Brian  con) 

Species  II     Compact  Steatites. 

.    .  r    1 .  Soap  Rock  (Pierre  de  lard) 

t    2.  Spanifh  chalk 

Species  III.     Lapis  ollaris. 


.    .  1    1.  Como  Stone 

I    2.  foliated  Lapis  ollaris 


Genus  V< 
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Genus  V.     Serpentines, 
the  polijh  and  colours  of  marble. 
Species  I.     Opake  Terpentines. 

Varieties.     I  .     , 

(    2.  veined 

Species  II.     Semi-tranfparent  Serpentines. 
Varied*,     i   u  ^anuIated 

I    2.  fibrous 

Genus  VI.     Amianthus, 
filaments  not  cakinable,  flakes  or  leaves  lighter 
than  water. 
Species  I.     Amianthus  with    foft  (or   flexible) 

fibres. 

__    .    .  r    i.  Amianthus  with  long  fibres 

Varieties.      3  . 

I    2.  with  lhort  fibres 

Species  II     Amianthus,  with  hard  (or  brittle) 
fibres. 

r-  i.  Albedos,  eafily  fcparable  into  parts  (mur) 
Varieties.      j  z  Afbeftos,  difficultly  feparable  (non  mur) 

Species  III.     Amianthus  in  flakes  or  leaves. 

r   i.  foflil  leather 
Varieties.     |  ^  foflil  cork 

Genus  VII.     Zeolite, 

tryftallizcd  in  divergent  radiiy  or  convertible  Into  a 

gelly  by  Jolution  in  acids. 
Species  I.     Cryilallized  Zeolite. 
Species  II.     Compact  Zeolite. 
r    i.  white 
Varieties.     1    2.  blue 
t    3.  red 

Genus  VIII. 
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Genus  VIII.    Fluor  Spar, 
fragments  with  triangular  faces >  all  inclined  to  each 

other. 
Species  I.     Fluor  Spar  in  cryftals; 

I.  octahedrons 
Y    •  |  ivji'm  octahedrons 


I    2.  cuneifoi] 
*J     3.  with  14 
I  4.  cubic 


faces 
Species  II.     Fluor  Spar  in  irregular  Mattes. 

Genus  IX.     Ponderous  Spar, 
rhomb oidal  fragment  sy  the  lateral  faces  perpendi* 

cular  to  the  bafes 
Species  I.     Cryftallized  Ponderous  Spar. 

1 .  in  rhomboidal  plates 

2.  in  octahedrons  with  acute  Aim- 
mits 

3.  in  octahedrons  with  obtufe  fum- 
mits 

Varieties.     -{    4*  m  hexagonal  plates  with  acute 
fummits 

5.  in  hexagonal  plates  with  obtufe 
fummits 

6.  in  tables 

L  7.  in  cock's  combs  (or  lenticular) 

Species  II.    Ponderous  Spar  cryftallized   con- 
fufedly 

BOLOGNA  STONE. 


Genus  X.     Heavy  Stone.     TUNGSTEN, 
refembling  Fluor  Spar  in  the  form  of  its  fragments, 
but  much  heavier  $  it  becomes  yellow  in-acids. 


CLASS 
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CLASS     THE    THIRD. 

Earths  and  Stones  which  effervejce  with  Acids. 


Genus  I.     Calcareous  Earths. 

Efervefcence  with  Acids. 

Species  I.     Compact. 

Variety.     Chalk. 
Species  II.     Spongy. 

Variety.     Stone-marrow. 
Species  III.     In  powder. 

Variety.     Foffil  Flour. 
Species  IV.     Confiftence  of  cream. 

Variety.     Lac  lunse. 
Species  V.     Figured. 

Variety.     Congealed. 

■  ■  i i    ■■  ■     i  ■ 

*  Though  thefe  fubftances  are  at  prefent  regarded  by  che- 
mifts  as  neutral  falts,  formed  by  the  union  of  lime  and 
cretaceous  acid,  we  think  it  proper  to  exhibit  them  in  this 
place,  at  the  end  of  earthy  fubftances,  in  order  to  give  a  con- 
nected view  of  the  method  of  M.  Daubenton.  Naturalifts, 
who  avail  themfelves  of  external  and  linking  characters  in  their 
diftribution  of  fubftances,  act  properly  in  ranking  them 
among  earths.  They  will  be  confidered  under  another  point 
of  view  in  the  hiftory  of  faline  matters.  Note  of  Mr.  Four- 
croy. 

Vol.  I.  R  Gen  as 
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Genus  II.     Calcareous  ftones. 

Colours  andpolijh  are  bad. 

Species  I.     Coarfe  grained. 

Example. 
Limeftone  from  ArcueiL 

Species  II.     Fine  grained. 

Example. 
The  Thunderflone. 

Genus  III.     Marbles. 
Granulated  fraclure,  fine  colours,  good  polijh. 
Species  I.     Marbles  of  fix  colours. 


{White,  grey,  green,  yellow,  red, 
and  black. 
Example. 
Marble  from  Wirtemberg. 

bl( 

I 

rbl 

[ 


Species  II.     Marbles  of  two  colours. 

1 5  in  number,  formed  b^  the  com- 
binations of  6  colours,  2  together. 
Varieties.     J  Example. 

white  and  grey. 
Marble  of  Carrara. 


Species  III.     Marbles  of  three  colours. 

20  in  number,  formed  by  the  combi- 
nation of  6  colours,  3  together. 
Example. 
grey,  yellow,  and  black. 
Lu  mac  hello. 

Species 


Varieties, 
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Species  IV.     Marbles  of  four  colours; 

[5  in  number,  formed  by  the  combi- 
6  colours,  4  together. 
Example. 
yellow,  and  red. 
Brocatello  from  Spain. 

Specks  V.     Marbles  of  five  colours. 

6  in  number,  formed  by  the  combi- 
nations of  6  colours,  5  together. 
Example. 
white,  grey,  yellow,  red  and  black, 
Breccias  of  old  Caitile. 


Si  5  in  numbe 
nation  of  l 
E 
white,  grey, 

ble 

i 


Genus  IV.     Calcareous  Spar. 

Regular  form,  fpathofe  fraclure. 

Species  I.     Cryftallized  calcareous  fpar. 

1  obtufe  rhomboidal  figure. 
lJlanB  Spar, 

2  lenticular  rhomboidal  figure. 

3  lenticular  rhomboidal  figure,  with 
6  triangular  faces. 

4  acute  rhomboidal  figure. 

5  with  12  pentagonal  faces. 

6  with  3  triangular  faces. 
Varieties.     ^     7  fix-fided  prifm. 

8  fix  rhombic  fides,  with  6  facei 
lozenge-wife. 

9  with  1 2  fcalene  triangular  faces. 

10  with  1 2  faces  of  4  or  5  fides,  and 
6  quadrilateral  facets. 

1 1  with  6  hexagonal  faces,  and   1 2 
quadrilateral  facets. 


R  2 


Species 


(     26o     ) 

Species  II.     Striated  calcareous  ipar. 

J    l  in  parallel  ilrias. 
Varieties.      7        .     ,.  _  . 

1    2  m  divergent  ftriar. 


Genus  V.     Concretions, 
Succejfive  coats. 
Species  I.     Staladlitical  Concretions. 


rieties.      i 


x  in  columns 
Varieties.      -J    2   tabular 

3  refembling  alabafter. 


Species  II.     Concretions  by  incruftation. 
Species  III.     Concretions  by  fediment. 

f    1   by  horizontal  fediments. 
Varieties.       t    2  by  rounded  fediments. 


CLASS    THE    FOURTH. 

Mixed  Earths  and  Stones, 


Mixed  earths. 
Genus  I.     Sand  and  clay. 
pedes.     Sand  for  founders. 

Variety.     Sand  from  Fontenai-aux-rofes. 


Genus 
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Genus  II.     Sand  and  calcareous  earth. 

Genus  III.    Clay  and  calcareous  earth. 

Species.     Marie. 

r  i  marie,  armenian  bole. 

It  marie,  fealed  earth. 
3  Hone  for  taking  fpots  out  of  cloth- 
Pierre  a  detacher) 
4  fuller's  earth. 
Varieties.     ^    5  porcelain  earth. 

6  pipe  clay.' 

7  potter's  clay  (terre  a  fayance) 

8  white  marie. 

9  marie  in  flakes. 
l^io  marie  for  manure. 


Mixed  ft  ones, 

OF    TWO    GENERA. 

Quartz  and  fcintillating  fpar   -  -  Granitin. 
Quartz  and  fchorl    -------    Granitello. 

Quartz  and  (leatites    ------    Quartzofe  fteatites, 

Quartz  and  mica     ------.   Micaceous  quartz. 

Tranfparent  quartz  and  mica     -  Micaceous  cryftal. 

{I    Garnet  on  grit 
ftcne. 
2  Garnet  in  grit 
ftone. 

R  3  Quartz 
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Quartz  in  grit  and  mica Micaceous  grit. 

Quartz  in  grit  and  calcareous    r  i  cryftallized  grit, 
m^ter  *■  2  %Tlt  m  fta^ac^itcs• 

Quartz  in  fand  and  opake     C    &ndy  and  filiceous 

ftone  *       breccias. 

Quartz  in  fand  and  fchiftus     i       ,*    flatmg/  *  US 

i        bornjtone*  trap. 
Quartz  in  fand  and  zeolite   -  -      fcintillating  zeolite. 

Scintillating  fpar  and  pafte,  or  7 

cement,  of  fchorl  I    op  l  es* 

Semi-tranfparent   ftone,    withf  jafperated  agate,  ox. 
opake  ftone  1     agatized  jafper. 

0  ,      ,        j  f    micaceous  fpathofe 

Schorl  and  mica |     fhl       r 

Schiftus  and  mica micaceous  fchiftus, 

Schiftus  and  marble     -   -   -  Florence  marble. 


I  green  Egyptian  marble, 
fea  green  marble. 
Serpentine  and  marble         {  3  green  antique  marble. 

green  marble  of  Suza. 
5  green  marble  of  Varalta. 


ij 

Ponderous  fpar  and  calca-  7     .,  ..  ,        . 

r  >    alkaline  ponderous  fps 

reous  matter  J 


OF 
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OF    THREE    GENERA.1 

Quartz  in  fand,    fhiftus  and-i  .     , 

^  .  4   Rough  wheat-Hone, 

mica  J 

Quartz,  gem,  and  mica     -  -     garnet  rock. 

Quartzofe  pafte,  fcintillating  •* 

fpar  in  large  fragments  and  L  porphyry, 
fchorl  J 

Quartzofe  pafte,  fcintillatingl 

fpar  in  large  fragments  and  >   erPentine«     or  fir- 
fchorl  1      *""""' 

Quartz  fchorl  and  fteatites    -     tuberculous  rock. 

Quartz,  fcintillating  fpar  and  1 


fchorl  '  gran,te' 


OF    FOUR    GENERA. 


Quartz,    fcintillating    fpar     1 
fchorl  and  mica  \ 


Of  SEVERAL  GENERA  MORE  OR 

LESS  in  NUMBER,  UNITED  IN  J.  univerfal  breccias. 
BRECCIAS. 


[n  y 


DOUBLE    BRECCIAS. 

i  Fragments  of  porphyry',  with  a  pafle  of 

Varieties.    4  P0^'^ 

2  Fragments  of  granite,  with  a  pafte  ot 

fchorl. 

R  4  VOLCANIC 


( 
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VOLCANIC    PRODUCTS.* 

Genus  I.     Lavas,  or  volcanic  Matters  j  that  is 
to  fay,  formed  by  Volcanos. 

Species  I.    Porous  Scorias. 

1 .  in  irregular  mafTes 

2.  in  flriped  mattes 

3.  in  ftala&ical  forms 
Varieties.          4. in  fragments,  lapillo 

5.  in  fmall  Fragments. 
pouzzolana. 

6.  inPowder.  volcanic 

CINDERS. 

Species  II.     Bafaltes. 

coup  aft  and  fcintillating^  blacki/h  cinereous  frac- 
ture>  with  brilliant  points,  without  /mall 
plates,  like  thofe  of  Jcintillatlng  Jhiftus. 

1 .  in  irregular  mafTes 

2.  in  round  majTes 

3.  in  flat  mafTes  or  tables 
Varieties.     -<         . 

4.  in  prifms  of  3,  4,  5,  6, 

7,  8,  or  9  fides 
I  5 .  in  articulated  prifms 
Species 


\ 
1 


#  M.  Daubenton  places  the  volcanic  produces  at  the  end  of 
the  minerals,  without  ranging  them  under  any  one  of  the  four 
orders  that  conftitute  his  method.  As  it  is  ufual  to  ftudy  the 
hiflory  of  thofe  fubftances  together  with  Hones,  1  have  thought 
proper  to  adjoin  them  here.     Fv 


( 


Species  III.     Glafs. 


Varieties. 


.65 


1 .  in  detached  fibres 

CLASS    GALL 

2.  in  agglutinated  fibres 

PUMICE    57  0  M  E 

3 .  in  compadt  m 

VOLCANIC   SCCRIA. 

•  LAPIS  OBSIDIANl'S. 


Genus  II.     Volcanified  Matters  or  Subilances 
altered    by  the  heat  of   volcanos    appearing   to 
have  been  baked,  calcined,  melted,  or  vitrified. 
Species  I.     Granite. 
II.     Garnet. 
///.  Hyacinth. 

IV.  Mica. 

V.  Peridot. 

VI.  Quartz. 

VII.  Schorl. 

VIII.  Scintillating  Spar. 

IX.  Calcareous  Matters. 

X.  Baked  Earths,  Tripoli. 


STONES, 
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STONES,  whofe  nature  is  not  fufficiently  known 
to  indicate  the  claffes  to  which  they  belong. 

Jargon  of  Ceylon, 

cryftallized  in  jr  eft  angular  prifms,  with  pyra- 
mids of  4  triangular  faces. 

It  feems  that  the  name  of  Jargon  is  given  to 
many  ftones,  whofe  ftruclure  is  yet  unknown. 

Macles, 

infquare  prifms  or  cylinders,  whofe  tranfverfe 
Jeftion  prefents  a  blue  crofs. 
The  Made  has  been  regarded  as  a  fchorls  but 
this  opinion  is  not  yet  proved. 

White  Chryftals, 

in  flattened  prijrns  of  10  fides,  with  2  fum- 
mits  of  4  faces,  one  forming  a  concave,  and 
the  other  a  convex  folid  angle. 

Violet  or  green  Chryftals, 

rhomboidal  with  1  facets  inftead  of  two  oppo- 
fite  angles. 

The  name  of  Schorl  has  been  given  to  thefe 
white,  violet,  and  green  cryflals,  though  they  do 
not  appear  to  be  of  the  nature  of  Schorls. 

CHAP. 
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CHAP-       III. 

On  Clarification  of  Earths  and 
Stones,* according  to  their  Che- 
mical Properties, 

/^Hemifts,  who  have  employed  themfelves  in 
^^  the  examination  of  minerals,  have  a- 
dopted  the  opinion,  that  it  is  of  importance 
to  afcertain  their  mutual  agreement  or  differ- 
ence from  their  refpedtive  nature  and  che- 
mical properties.  And  though  their  labours 
have  not  yet  been  fufficiently  diveriified  and 
extended  with  refpect  to  earths  and  ftones, 
to  afford  a  foundation  for  any  very  accurate  ar- 
rangement of  thefefubftances  on  fuch  princi- 
ples ;  it  is,  neverthelefs,  of  importance  to 
know  the  actual  ftate  of  the  information  we 
polfefs,  concerning  their  chemical  proper- 
ties, and  the  influence  thofe  properties  may 
have  on  the  method  of  claffing  them. 

Among  the  many  philofophers  who,  fince 
the  time  of  Cronftedt,  have  availed  them- 
felves of  the  chemical  properties  in  the  claf- 
fification  of  earths  and  ftones,  MeiT.  Buc- 
quet,  Bergman,  and  Kirwan,  have  fucceeded 
the  beft,  and  have  exhibited  the  moft  valua- 
ble and  complete  fyftems  of  lithology,  con- 

fidered 
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fidered  chemically.  The  order  followed  by 
thefe  three  chemifts,  not  being  the  fame, 
and  each  poflelling  its  own  peculiar  ad- 
vantages, we  think  proper  to  explain  them 
in  order,  at  the  fame  time  pointing  out  their 
refpective  defects, 

§  i .    The  Chemical  Divifion  of  Earths  and 
Stones,  propofed  by  M.  Bucquet. 

Mr.  Bucquet,  after  having  long  endea- 
voured to  unite  the  diftinctive  external  cha- 
racters made  ufe  of  by  naturalifts  in  their 
arrangement  of  earths  and  ftones,  with  thofe 
which  chemiftry  affords,  had  at  lengtn  a-< 
dopted  a  compound  arrangement,  which  he 
propofed  to  have  ufed  in  his  lectures,  when 
his  death  deprived  the  fcientific  world  of  con- 
tinuance of  his  labours.  In  the  converfa- 
tions  I  had  the  happinefs  to  enjoy  with  him 
during  the  lingering  illnefs  to  which  he  at 
laft  fell  a  facrifice,  I  collected  every  detail  rela- 
tive to  his  lithologic  method ;  and  the  fruits  of 
thefe  valuable  converfations  have  been  already 
communicated  to  the  public  in  the  firft  edi- 
tion of  this  work.  I  mail  here  repeat  the  fame, 
with  the  addition  of  fuch  notes  as  the  la- 
bours of  men  of  fcience  fince  that  period 
have  rendered  neceffary. 

According   to    Mr.    Bucquet,    earths   and 
ftones     are     divided     into     three     fections. 

The 
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The  firft  comprehends  the  fimple  earths  and 
ftones ;  the  fecond,  the  compounds  of  thofe 
fimple  bodies  ;  and  the  third,  the  mixtures 
of  either  or  both. 

Simple  earths  and  ftones  in  a  ftate  of  purity 
are  infipid,  dry,  hard,  infoluble  and  infufible 
fubftances.  If  fome  of  thefe  appear  to  pof- 
fefs  thefe  characters  in  an  inferior  degree, 
more  particularly  by  being  in  certain  manner 
fufible,  it  is  always  to  be  attributed  to  the 
admixture  of  foreign  matters.  The  che- 
mical analyfis  fhews  their  purity,  by  its  in- 
fufficiency  to  feparate  them  into  other  more 
fimple  fubftances. 

Compound  earths  and  ftones  muft  be  con- 
fidered  as  combinations  of  different  iimple 
earths,  with  faline  and  metallic  fubftances. 
Thefe  combinations  have  been  made  in  the 
great  laboratory  of  nature,  by  means  of  wa- 
ter, or  of  fire.  Their  chemical  characters 
are  fufibility  with  various  kinds  of  glafs,  and 
the  property  of  being  feparated  into  other 
more  fimple  fubftances  by  the  adtion  of  fol- 
vents,  more  efpecially  acids. 

Mixed  earths  and  ftones  are  known  to  be 
fuch  by  the  eye.  They  are  {qcvl  to  be  com- 
pofed  of  an  irregular  aiiemblage  of  different 
ftones  or  earths,  either  fimple  or  compound. 
It  may  readily  be  conceived  that  this  irregu- 
lar mixture  muft  be  mechanically  feparated 
into  its  parts   before    the  chemical   analyfis 

can 
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can  be  proceeded  on,  which  muft  be  done  by 
the  examination  of  each  kind  by  itfelf. 

S  E  C  T  I  O  N     I. 

Simple  Earths  and  Stones  are  divided  into 
four  Orders. 

ORDER  I.    VITREOUS  STONES. 

They  poffefs  extreme  hardnefs  and  perfedl 
tranfparency;  their  fracture  is  vitreous;  they 
give  fire  with  the  fteel ;  and  the  action  of 
heat  alters  neither  their  tranfparency  nor 
their  hardnefs. 

This  firft  order  contains  two  genera;  rock 
cryftal,  and  the  vitreous  precious  ftones. 

Genus  I.     rock  crystal. 

Rock  cryftal  exhibits  all  the  charafters  of 
vitreous  precious  ftones,  in  the  moft  eminent 
degree.  It  is  diftinguifhed  from  the  follow- 
ing genus  by  its  fracture,  which  is  fimilar  to 
that  of  glafs. 

Its  various  kinds  may  be  diftinguifhed 

I.     With  refpeff  to  their  form. 
Species. 

I,  Solitary  hexahedralcryftals,  with  two 
hexahedral  pyramids.  According 
to  the  Abbe  Rochon,  they  produce 
the  diviiion  of  light  ufually  called 
double  refraction. 

2.  Hexa- 
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2.  Hexahedral  cryftals  in  groups,  with 
one  or  two  points. 

3.  Tetrahedral,  dodecahedral,  flattened, 

&c.  cryftals.  Thefe  are  always 
hexahedral  cryftals,  whofe  facets 
are  varied  and  lingular. 

4.  Rock  cryftal,  in  mafles ;  from  Ma- 
dagafcar.     It  has  not  the  property  . 
of  double  refra&ion. 

2.     With  refyecl  to  colour. 
£.  Reddifh  rock  cryftal. 

6.  Smoaky  cryftals. 

7.  Black  cryftals. 

8.  Yellow  cryftals. 

9.  Blue  cryftals. 

10.  Green  cryftals. 

3.     With  refpecl  to  accidental  events* 

11.  Hollow  rock  cryftal. 

12.  Containing  water. 

13.  One  cryftal  included  within  another 
(emboites). 

34.  Rounded  ;  pebbles  from  the  Rhine. 

15.  Encrufted  with  metallic  calces 

16.  In  gaeodes. 

17.  Containing  amianthus, 
j 8.  Containing  Schorl. 

19.  Encrufted  with  pyrites. 
Their  formation  by  water  is  proved 

1 .  By  their  tranfparency. 

2.  By  the  form  of  fmall  cryftals. 

3.  By  the  inclofure  of  one  cryftal  in 
another. 

4.  By 
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4.     By  their  including  fubftances  alte- 
rable by  fire. 
Thefe  fubftances  are  cut  and  polifhed  into 
the  form  of  vafes  and  into  toys. 

Genus  II.     vitreous  precious  stones. 

The  precious  ftones  placed  under  this  di- 
vifion  have  all  the  characters  of  rock  cryf- 
tal,  and  more  particularly  its  unchangeable- 
nefs  by  fire.  Though  this  arrangement  may 
feem  an  inverfion  of  the  natural  order,  and 
Bergman  has  aflured  us,  that  he  has  found 
thefe  ftones  to  confift  of  feveral  matters  com- 
bined together  ;  yet  in  their  hardnefs,  trans- 
parency, and  habitudes  in  the  fire,  they 
greatly  refemble  rock  cryftal.  They  differ 
from  it,  however,  in  their  fuperior  hardnefs, 
more  lively  and  clear  colour,  and  in  their 
frafture,  which  is  lamellated.  The  chemi- 
cal difference  which  exifts  between  all  preci- 
ous ftones,  more  efpecially  as  far  as  relates  to 
the  alterations  produced  in  them  by  fire,  in- 
duced M.  Bucquet  to  feparate  them  from 
each  other,  and  to  include  them  refpectively 
in  fuch  orders  of  ftones  as  they  appeared  to 
refemble  the  moft. 

The  following  four  precious  ftones  are  dif- 
tinguifhed  from  the  reft,  by  the  appellation 
vitreous. 

Species 
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Species. 

1.  Oriental  topaz. 

2.  Hyacinth. 

3.  Oriental  fapphire. 

4.  Amethyft. 

M.  Daubenton  always  regarded  this  laft  as 
a  quartz  cryftal. 

Order  II.     Quartzofe  Stones. 

They  have  lefs  hardnefs  and  tranfparency 
than  the  foregoing.  Their  fracture  is  vitre- 
ous, and  they  ftrike  fire  with  fteel.  Heat 
caufes  them  to  lofe  their  hardnefs  and  tranf- 
parency, and  reduces  them  to  a  white  and 
opake*  earth.  We  mall  range  four  genera 
of  ftones  under  this  order. 

Genus  I.     quartz. 

Has  all  the  preceding  characters. 
Species. 

i.  Tranfparent  quartz,  cryftallized  in 
hexagonal  pyramids,  without  priirns 
of  any  fenfible  length,  or  with  very 
fhort  prifms. 
2.  Tranfparent  quartz  in  mafTes. 

*  It  is  on  account  of  their  different  habitudes  in  the  fire, 
that  M.  Bucquet  thought  it  proper  to  diftinguifh.  quartz 
from  rock  cryftal,  and  to  make  a  particular  genus  of  each. 
He  has  alfo  obfen  ed,  that  this  ftone  quenched  in  water,  af- 
ter having  been  heated  red  for  feveral  fuccemve  times,  com- 
municated acid  properties  to  the  fluid.  Future  expeiimsnts 
muft  determine  whether  this  diftinclion  be  well  founded.  F. 

Vol.  I.  S  3.  Opake, 
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3.  Opake,  or  milky  quartz. 

4.  Fat  quartz. 

5.  Weathered  or  rotten  quartz. 

6.  Green,    blue,    or    violet    quartz  ^ 
prifm  of  amethyft. 

7.  Yellow  quartz  of  a  lamellated  fracture. 
rr  r  Saxon. 

T°Paz  1  Brazilian. 
Thefe  topazes  have  all  the  characters   of 
quartz. 

Genus  II.     flint,  agate. 

Flints  and  agates  form  fmall  round  maf- 
fes,  moft  commonly  opake)  though  fome- 
times  femi-tranfparent)  either  hollow  or  fo- 
lid,  varioufly  coloured  and  difpofed  in  ftrata; 
in  chalk,  as  is  the  cafe  with  flints ;  or  in 
clay,    as   are    the  agates.     Their  fracture  is 

fometimes  fcaly. 
Species. 

i.  Grey  flint. 

2.  Yellow  flint. 

3.  Red  flint. 

4.  Corneous  flint ;  gun-flint. 

5.  Brown  flint;  Egyptian. 

6.  Tranfparent  fpotted  flint;  German 
agate. 

7.  Red  agate;  Cornelian. 

8.  Pale  red  agate. 

9.  Brown  or  yellow  agate;  fardonyx. 
ic.  Onyx;  concentric  laminae. 

11.  La- 
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II.  Laminated  agate,  difpofed  in  hori- 
zontal layers.  Much  of  the  ap- 
pearance of  the  laminae,  and  their 
pofition  relative  to  the  figure  of  the 
Hone,  depends  on  the  cutting. 

f Dendrites;  herborized 

At-      'th  '      aga*es.* 

P  \  Antropomorphites. 

+1  en  res 
8        *        Zoomorphites. 

I^Uranomorphites. 

13.  Agate  apparently  mouldy,  or  mark- 
ed with  fmall  greenifh  points,  ge- 
nerally owing  to  moffes. 

14.  Agate  of  four  colours;  elementary, 

15.  Grey  agate ;  grey  chalcedony. 

16.  White  or  fin  beds, 
milky  agate^  in  ftalactites 


chalcedony. 

17.  White  a- 
gate,  reflect- 
ing the  light 


worn  round;  cacholong. 
Chatoyant  agate  of  the 

lapidaries. 
Cat's  eye. 


■  6  ?•    -<  Oculus  mundi,   or  hy- 

rn  a  peculiar  •       ,       ,  '  J 


manner  call 
ed  chatoyant 


drophane. 
Opal. 
^Girafol. 

18.  Brown  agate,    with  brilliant  gold 
coloured  fpecks.    Avanturine. 

19.  Oriental  agate. 

20.  Agate  inclofing  water. 

*  M.  Daubenton  has  fhewn,  in  a  memoir  read  to  the 
Academy,  that  herborized  ftones  contain  very  fine  mofies, 
or  fmall  grains  of  black  iron  ore. 

S  2  That 


276  MINERALOGY. 

That  the  formation  of  quartz,  agates,  and 
flints,  is  owing  to  water,  is  evident  from 

1.  Their  form. 

2.  Their  laminae,  or  beds, 

3.  Their  moffes. 

4.  The  water  they  contain. 

5.  The  organic  matters  included  in 
them,  as  in  the  mofTy  or  mouldy 
agates. 

The  hiftory  of  the  gaeodes  likewife  prove 
this  truth.  Thefe  are  ftony  boxes  filled  with 
cryftals  -,  in  which  filex  and  quartz  are  found 
difpofed  in  concentric  laminae. 

Genus  III.     Organic  Matters  converted  into 
Silex,  or  Agate. 

The    organic   form  flill  vifible,    together 
with  the  characters  of  quartzofe  ftones,  dif- 
tinguifh  them  from  the  three  other  genera  of 
this  order.* 
Species. 

1.  Petrified  wood;  ftill  fibrous,  and 
fufceptible  of  polim. 

2.  Wood,  whofe  fpecies  is  diftinguifh- 
able  on  account  of  its  texture.  Fir. 

3.  Sea  urchins  and  madrepores,  con- 
verted into  filex. 

*  It  would,  perhaps,  be  much  more  natural  to  form  a 
particular  clafs  of  animal  and  vegetable  fubftances,  altered 
during  their  ftay  in  the  earth.  This  clafs  might  be  named 
foflils,  and  might  be  placed  at  the  end  of  the  organized  king- 
dom.    Note  of  the  author. 

4,  Shells 
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4.  Shells  agatified. 

5.  Carpolites ;  thefe  have  been  falfly 
regarded  as  petrified  fruits;  they 
are  fmall  ludus  helmontii  filicified. 

6.  Entrochites. 

7.  Lapis  frumentarius  filiceus.' 

It  gives  fire  with  the  fteel,  does  not  efFer- 
vefce  with  acids,  and  feems  to  be  formed  by 
the  aiTemblage  of  cornua  ammonis,  divided 
perpendicularly  to  their  volutes. 

There  are  two  opinions  concerning  petri- 
faction. According  to  the  one,  the  orga- 
nized matters  are  entirely  converted  into 
ftone.  According  to  the  other,  the  void 
fpaces  left  in  foft  earths  by  animal  fub- 
ftances,  or  the  intervals  in  the  texture  of 
vegetable  bodies,  have  been  filled  by  the 
gradual  depofition  of  earthy  matter.  It  has 
been  obferved,  that  vegetable  matters  al- 
moft  always  become  quartzofe,  while  ani- 
mal matters  moil:  commonly  become  calcare- 
ous, and  that  vegetables  fcarcely  ever  pafs 
into  the  calcareous  ftate,  at  the  fame  time 
preferving  their  texture.*     This  obfervation 

*  Since  the  difcovery  of  the  fparry  gas,  which  has  the 
property  of  depofiting  quartzofe  earth,  fome  naturalifts  have 
thought  that  petrifaction  is  owing  to  a  fimilar  phenomenon  ; 
but  this  opinion  can  be  only  regarded  as  an  hvpothefis,  till 
the  exiftence  of  an  acid  holding  quartzofe  earth  in  folution 
in  the  bowels  of  the  earth  can  be  fhewn.  Note  of  the  au- 
thor. 

S  3  may 
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may  fuffice  to  fhew,  that  there  is  no  fuch 
thing  as  petrifaction  properly  fo  called,  or 
real  change  of  organized  fubftances  into 
ftone.  For,  i.  Shells  and  madrepores  fuffer 
no  other  change  than  the  lofs  of  their  muci- 
lage or  animal  gluten  by  putrefaction,  and 
become  thin  calcareous  fkeletons,  fuch  as  they 
exifted  entire  during  the  life  of  their  inha- 
bitants. 2.  The  pretended  petrifactions  of 
wood,  are  nothing  more  than  depolitions  of 
verifiable  earth.  In  proportion  as  the  fibres 
are  deftroyed  by  putrefaction,  quartzofe  earth 
is  depofited  in  the  cavity,  which  retains  the 
organic  figure,  and  at  length  when  no  more 
vegetable  matter  is  left,  the  petrifaction  is 
completed. 

Genus  IV.     jasper. 

Jafper  poffefles  all  the  characters  of  quart-? 
zofe  ftones.  It  is  not  fufible  ;  but  lofes  its  ag- 
gregation by  heat.  It  is  a  very  hard  ftone, 
fufceptible  of  a  beautiful  polifh,  opake,  and 
variegated  with  different  colours.  Its  frac- 
ture is  vitreous  and  dull.  It  is  very  feldom 
ranged  in  ftrata ;  but  moft  commonly  forms 
coniiderable  maffes  or  veins  in  rocks.  It  is 
alfo  found  in  fmall  round  maffes.  Moft  of 
the  famples  of  jafper  are  mixtures  of  quartz 
and  chalcedony.  Some  contain  calcareous 
fpar. 

The    fpecies  of  jafper  have  been  greatly 

multiplied 
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multiplied  by  naturalifts.     They  may  be  re- 

duced  to  the  following : 

Species. 

i.  White  jafper. 

2.  Grey. 

3.  Yellow. 

4.  Red. 

5.  Brown. 

6.  Green. 

7.  Veined. 

8.  Spotted. 

9.  Green,  with  red  points.  Blood 
ftone. 

10.  Flowered. 
Toys,  and  more  efpecially  cups   and  fau- 
cers,    are    made   of  jafper.     Many   antique 
fculptures  are  in  ffcones  of  this  nature. 

Genus  V.     Grit-ftone,  or  Free-ftone. 

Grit-ftone  is  opake,  of  a  granulated  frac- 
ture, much  lefs  hard  than  quartz  or  flint.  It 
exifts  in  enormous  maffes,  more  or  lefs  hard, 
and  of  a  grain  coarfer  or  finer  in  different 
fpecimens. 
Species. 

I.  Grit-ftone  cryftallized  in  rhom- 
boids. M.  de  LarTone  has  proved 
that  their  figure  is  a  confequence 
of  their  containing  calcareous  earth.* 

Memoirs  of  the  Academy  of  Sciences  for  the  year 
h 

S  4  2.  Grit- 


• 

1777 
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2.  Grit-ftone   in   the   form    of  cauli- 
flowers, balls,  &c. 

3.  Grit-ftone  in  ftajagmites. 

4.  White. 

5.  Grey. 

6.  Red. 

7.  Black,  or  brown. 

8.  Veined. 

9.  Figured,  or  dendritical. 

10# 9  whofe  aggregation   is  de- 

ftroyed ;  fand. 

The  following  are  the  varieties  of  fand : 
Varieties. 

1.  Quick- fand. 

2.  Angular  fand. 

3.  Sand  rounded  by  the  adlion  of  water. 

4.  Pure  white  fand. 

5.  Micaceous  fand ;  glarea. 

6.  Yellowifh  fand  mixed  with  clay; 
founder's  fand. 

7.  Ferruginous  fand;  yellow. 

8.  Ferruginous  fand  ;   black, 

9.  Blue  fand;  from  copper. 
10.  Violet  fand;  from  tin. 

j  1.  Auriferous  fand. 

Order  III.     Argillaceous  Earths  and  Stones. 

They  have  a  greafy  feel ;  are  kneadable;  ftick 
to  the  tongue  when  dry  ;  are  foliated ;  often 
coloured ;  are  difpofed  in  beds  or  ftrata,  and 
in  large  maffes. 

Their 
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Their  aggregation  is  lefs  (trong  than  that 
of  quartzofe  (tones.  They  have  a  greater 
tendency  to  combination,  and  are  therefore 
moftly  altered.  Heat  caufes  them  to  contract 
in  their  dimenfions,  and  gives  them  fo  great 
a  degree  of  hardnefs,  that  they  emulate  the 
quartzofe  ftones,  and  like  them  give  fire  with 
the  (teel.  Water  reduces  them  into  pafte, 
and  in  larger  quantities  divides  them,  and 
renders  them  pure  by  the  mechanical  fubfi- 
dence  of  the  groffer  fub (lances  they  may  con- 
tain. They  retain  water  fo  flrongly,  that 
they  cannot  be  again  totally  deprived  of  it. 

Part  of  their  fubftance  combines  with  acids. 
Some  chemiils  have  fuppofed  that  clay  is  no- 
thing but  the  filiceous  earth  changed  by  the 
vitriolic  acid  ;  but  this  opinion  is  not  founded 
on  any  direct  proofs. 

Many  naturaliils  have  thought  that  veri- 
fiable earths,  by  long  expofure  to  external 
agents,  water,  air,  and  heat,  become  more 
and  more  divided,  and  are  at  lad  reduced  to 
fuch  a  degree  of  fubtlety,  as  to  be  foft  to  the 
touch,  and  fufceptible  of  union  with  water; 
or  in  a  word,  that  they  become  clay.  This 
theory  being  founded  on  fome  accurate  ob- 
fervations,  feems  to  deferve  more  confidence 
than  the  former;  but  neither  the  one  nor  the 
other  are  completely  proved. 

On  the  two  properties  of  clay,  namely,  its 
ductility  when   foftened   by  water,  and   the 

hardnefs 
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hardnefs  it  acquires  by  baking,  are  founded 
the  arts  of  making  tiles,  bricks,  and  all  the 
varieties  of  pottery;  the  details  of  which  be- 
long to  the  hiftory  of  thefe  earths. 

Naturalifts  have  defcribed  a  great  number 
of  fpecies  of  argillaceous  earths ;  and  have 
confounded  with  them  many  which  are  not 
argillaceous,  as  well  as  certain  compound 
ftones,  as  ferpentine,  zeolite,  trapp,  &c. 

The  name  of  argill,  or  clay,  ought  not  to 
be  given  to  any  earths  but  fuch  as  harden  in 
the  fire,  are  kneadable  with  water,  and  form 
alum  with  the  vitriolic  acid. 

M.  Macquer,  who  has  examined  a  great 
number  of  clays,*  found  none  abfolutely 
pure.  The  colour  and  fufibility  of  many 
of  the  fpecimens,  are  owing  to  the  admixture 
of  different  combuftible  and  metallic  fub- 
ftances. 

The  late  M.  Bucquet  diftinguiflied  them 
into  four  genera. 

Genus  I.     soft  and  ductile  clays. 

They  may  be  kneaded  when  firft  dug  out 
of  the  earth  ;  they  become  dry  in  the  air. 
Species. 

1 .  White  clay  ;  pipe  clay. 

2.  Sandy  clay. 

*  Academie  des  Sciences,  1758, 

3,  Duclile 
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3.  Duftile  blackifh    clay  ;    for  white 
pottery. 

4.  Clav    with    mica,    kaolin  j     partly 
fufible ;  for  porcelain. 

5.  Metallic  clay  ;  fufible;  fealed  earth, 
Armenian  bole. 

6.  Pyritous  clay ;  fufible  ;  blue,  green, 
or  marbled  5  for  common  pottery. 

Genus  II.  dry  friable  clays,  tripolis* 

All  the  clays  which  M.  Bucquet  ranked 
among  the  tripolis,  are  found  dry  in  the 
earth.  They  are  all  formed  in  beds  or  ftrata, 
frequently  very  thin.  They  all  wear  away 
by  rubbing  with  the  ringer,  and  are  reduced 
into  powder.  They  imbibe  water  with  great 
avidity,  and  flick  to  the  tongue. 

1.  Dry,  grey,    foliated  clay;    fuller's 
earth. 

2.  Red  tripoli.     Some  fuppofe  it  to  be 
a  volcanic  production. 

3.  Grey  tripoli. 

4.  Black  tripoli. 

5.  Rotten  ftone  j  of  an  olive  grey. 

Genus  III.     Shifti. 

The  (hifti  are  laminated  ftones,  which  ea-* 
fily  fplit  into  plates  -,    they   are  very  much 
compounded  and  fufible.     They  form  large 
blocks,  placed  with  various  degrees  of  ob- 
liquity 
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liquity  in  the  interior  parts  of  the  globe. 
Almoftall  the  quarries  of  this  fubftance  have 
impreffions  on  their  upper  furfaces,  of  parts 
of  plants,  of  the  claries  of  rufhes,  fern,  &c. 
and  of  fhells,  fifhes,  infects,  &c. 
'  Species. 

1.  Black  fhiftus,  friable;  ampelite. 

2.  Fiffile  fhiftus,  llate. 

3.  Black  fhiftus,  hard,  flate  for  writing. 

4.  Red,  brown,  &c.   fhiftus. 

5.  Shiftus,  with  vegetable  and  animal 
impreffions. 

6.  Very   hard  fhiftus,    for  fharpening 
razors. 

Genus  IV.     feldt-spar. 

It  is   formed   by  rhomboidal  laminae ;  its 

fracture  is  fpathofe;  it  gives  fire  with  the  fteel ; 

whence  it  has  been  called  fpatum  fcintillaris. 

It  is   harder   than   the  fhifti,  and  is  fufible. 

Mr.  Bucquet  thought  it  to  be  an  argillaceous 

ftone,  coloured  by  iron.     M.  Monnet   fays 

it  is   compofed   of  quartz,    clay,   magnefia, 

and  a  fmall  portion  of  calcareous  earth.   The 

difference  of  opinions  refpedting  the  nature  of 

feldt-fpar,  arifes  from  its  not  being  yet  well 

known.     Future  experiments   may   ferve  to 

fix  its  place.* 

Species. 

*  Father  Pini,  an  Italian  naturalift,  is  the  firft  who  dif- 
covered  the  feldt-fpar  in  a  cryn-allized  form.  Since  his  time 

it 
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Species. 

1.  Prifmatic  feldt-fpar.* 

2.  White  feldt-fpar. 

3.  Red  feldt-fpar. 

4.  Green  feldt-fpar. 

5.  Blue  feldt-fpar. 

Order  IV.     Falfe  Clays. 

They  refemble  clays  only  in  their  foliated 
texture,  and  greafy  appearance ;  fome  harden 
in  the  fire. 

They  differ  from  clays,  in  not  making  a 
pafte  with  water  j  and  moft  part  of  them 
melt  in  the  fire.  With  the  vitriolic  acid 
they  afford  a  fait  in  needles,  which  does 
not  change  in  the  air,  is  foluble  in  four  or 
five  times  its  weight  of  water,  and  does  not 
fwell  in  the  fire.  In  a  word,  it  is  not  alum. 
Thefe   characters    have    been   given    by   M. 

it  has  been  found  in  many  parts  of  France,  particularly  at 
Roanne  in  Forez,  where  they  are  very  regular.  I  have 
given  a  full  defcription  of  the  feldt-fpar  found  in  the  granites 
of  Alencon,  which  is  one  of  the  moft  regular  and  beautiful 
I  know.  See  my  Memoires  de  Chimie.  Note  of  the  au- 
thor. 

*  M.  Daubenton  has  placed  it  among  the  fcintillating 
flones.  Three  characters  diftinguifh  it  from  every  other 
kind  of  ftone.  Its  texture  is  fpathofe,  it  is  chatoyant,  and 
it  gives  fire  with  the  fteel.  From  thefe  characters,  this  ge- 
nus ought  to  contain  more  fpecies  than  the  late  M.  Bucquet 
attributed  to  it.  M.  Daubenton  reckons  the  fifties  eye,  the 
avanturine,  the  Labrador  ftone,  &c,  of  this  genus.  See 
his  tables.     Note  of  the  author. 

Bucquet, 
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Bucquet,  who  examined  many  of  thefe  ftones. 
But  as  they  are  yet  very  little  known,  they 
may  be  placed  after  the  clays. 

Genus  I.     lapides  ollares,  hard. 

Their  texture  is  fcarcely  at  all  foliated  $ 
their  appearance  is  greafy;  they  take  but  a 
bad  polifh. 
Species. 

i.  Grey  lapis  ollaris  from  Sweden. 

2.  Greenifh  colubrine  of  Sweden. 

3.  Yellowifh  foap-ftone  of  China. 

4.  Brilliant  green  ;  jade.  The  lapis 
nephriticus,  and  thofe  of  Otaheite, 
were  varieties  of  jade  according  to 
M.  Bucquet.  We  may  obferve  that 
jade  is  very  hard,  and  gives  fire  with 
the  fteel.  It  is  doubtlefs  after 
Pott,  that  M.  Bucquet  placed  it 
among  the  lapides  ollares. 

5.  Dirty  green  lapis  ollares.  Colubrine. 

6.  Serpentine.  A  ftone  of  deep  green, 
or  blackifh  colour,  with  black  fpots 
or  veins,  like  the  fkin  of  ferpents. 
We  have  placed  it  at  the  end  of  the 
lapides  ollares,  on  account  of  its 
afpedl,  though  it  feems  to  be  a  com- 
pound ftone. 


Genus  II, 
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Genus  II.     tender  lapides  ollares, 

STEATITES    Or    SMECTITES. 

They  have  a  more  foapy  feel  than  the  pre- 
ceding.     They   are   very   eafily   cut  ;    they 
lather  with  water ;  fome  kinds  have  a  ftrik- 
ing  refemblance  with  foap. 
Species.  • 

1.  White  fteatites,  compact;  Brianfon 
chalk. 

2.  Brilliant   or    glittering    Briancpon 
chalk.     Venetian  talc  of  the  drug- 
gifts. 

3.  White  fteatites  from  Norway. 

4.  Red  marbled  fteatites  from  Norway. 

5.  Reddifli  fteatites  from  Norway. 

6.  Green  compact  fteatites  from  Nor- 
way. 

7.  Green  and  red  fteatites  from  Nor- 
way. 

8.  Green    fteatites,    foliated  ;    tender 
colubrine  from  Norway. 

9.  Black  fteatites. 

10.  Grey  and  brilliant  fteatites,  plum- 
bago, molybdena,  and  improperly 
black  lead.  This  being  pulverized, 
and  made  into  a  pafte  with  ifing- 
glafs,  is  inclofed  in  fmall  wooden 
cylinders,  which  are  cut  to  a  point 

at 
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at  the  end,  and  ufed  as  crayons  or 
pencils.* 

Genus  III.     Talc. 

It  is  compofed  of  polifhed  and  glitter- 
ing laminae,  of  a  jelly-like  tranfparency, 
applied  one  on  the  other.  It  appears  that 
thefe  laminae  are  fometinfbs  cryftallized  in 
hexagons,  or  fections  of  fix-fided  prifms. 
By   a  violent  fire  it  melts  into  a  coloured 

glafs. 
Species. 

I.  Talc  in    large   tranfparent    plates; 
Mufcovy  glafs. 

*  Since  the  death  of  M.  Bucquet,  and  the  firft  impref- 
fion  of  this  book,  Meflrs.  Scheele,  Grahn,  and  Hielm  have 
made  very  fuccefsful  refearches  into  the  nature  of  plumbago. 
They  have  difcovered  that  this  fubftance  is  a  kind  of  fulphur 
formed,  according  to  them,  by  the  combination  of  the  aeri- 
al or  cretaceous  acid  with  phlogifton.  We  fhall  give  its 
hiftory  after  that  of  fulphur.  The  fame  chemifts,  and  ef- 
pecially  M.  Scheele,  have  made  a  proper  diftinction  between 
molybdena  and  plumbago,  which  naturalifts  have,  till  lately, 
confounded  together.  Molybdena  is  regarded  by  Scheele  as 
a  compound  of  fulphur  and  a  peculiar  acid,  which  he  called 
the  acid  of  molybdena.  (See  the  hiftory  of  fulphur.)  It  is 
the  plumbago  which  is  ufed  for  crayons.  Note  of  the  au- 
thor. 

The  Englifh  pencils  are  made  by  fixing  or  fetting  one  or 
more  flips  or  pieces  of  plumbago  in  a  groove  between  two 
flips  of  cedar,  which  are  then  glued  together.  The  inferior 
fort  fold  in  the  ftreets  by  Jews  are  the  kind  mentioned  by 
the  author.     T. 

2.  Talc 
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2.  Talc   in  very   fmall   fil  very -white 
fpangles. 

3.  Talc  in  very  fmall  gold  coloured 
fpangles. 

The  two  laft  mentioned  are  ufed  as 
writing  fand  under  the  name  of 
filver  or  gold  dull. 

4.  Talc  worn  into  the  form  of  peb- 
bles.        I 

5.  Talc  in  black  fpangles. 

6.  Talc  in  mixed  brilliant  fpangles. 

Genus  IV.     amianthus,  asbestos. 

This  genus  of  ftones  is  formed  of  fibres 
or  threads  placed  parallel  to  each  other,  or 
interlaced  together  like  tiffue  ;  the  fibres 
are  either  rigid  or  flexible,  and  differ  from 
each  other  in  thicknefs,  length,  and  colour. 
The  ancients  wove  them  into  a  cloth,  which 
was  called  incombuftible  linen,  and  ufed  to 
envelope  their  dead  when  burned  on  the  fu- 
neral pile.  It  ferved  to  retain  and  collect 
their  afhes,  &c. 

By  a  violent  fire  amianthus  is  eafily  melted 
into  a  coloured  opake  glafs. 
Species. 

1.  Afbeftos,  hard  and  grey,  with  pa- 
rallel fibres  ;   ligneous  afbeftos. 

2.   ,  hard  and  green  in  paral- 
lel fibres. 

Vol.  I.  T  3.  Afbeftos, 
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3.   Afbeftos,    hard   and    green,    with 

fibres  in  bundles* 
4%  , ,y  with  diverging  fibres. 

5.  ,  with  foft  fibres. 

6.  Amianthus,    hard,    with    parallel 
greeniih  fibres. 

7.  ,  hard,  with  parallel  white 

fibres. 

8.  ,  with  white  brilliant  fibres 

in  bundles. 

g%  ——,  in  hard  bundles,  yellowifli. 

10.  f  white  and  flexible. 

11.  ,  grey. 

12.  Mountain  flefli. 

13.  Mountain  leather. 
34.  Mountain  cork. 

SECTION     II. 

Compound  Earths  and  Stones. 

They  are  not  diftinguiihable  by  the  eye 
from  thofe  of  the  preceding  fection.  As  to 
their  characters,  they  are  formed  of  matter 
apparently  homogeneous,  almoft  always  co- 
loured, moftly  opake,  but  fometimes  tranf- 
parent,  and  moft  fpecimens  are  regularly 
cryflallized.  Their  form  and  colour  ferve 
to  diflinguifh  the  genera.  They  are  all  very 
fufible,  and  afford  different  kinds  of  glafles. 
Their  fracture  is  fometimes  vitreous,  fome- 
times   fcaly.      In    thefe    fubflances    it   is, 

that 
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that  nature  has  combined  earths,  falts,  and 
metals  together. 

M.  Bucquet  divided  thefe  ftones  into  two 
orders.  In  the  firft  were  comprehended 
earths  and  ftones,  compofed  by  water,  to 
which  he  gave  the  characters  proper  to  the 
products  of  that  element.  He  divided  this 
order  into  two  genera ;  namely  ochres,  and 
zeolite.  In  the  fecond,  he  placed  ichor!, 
macles,  trap,  azure  ftone,  the  fufible  preci- 
ous ftones,  volcanic  cryftals  and  glafles, 
and  pumice  ftones.  He  regarded  thefe  eight 
kinds  of  ftones  as  the  products  of  fire.  We 
have  confidered  it  as  our  duty  to  exhibit  the 
ideas  of  this  celebrated  chemift;  but  as  the 
diftinCtive  characters  of  thefe  two  orders  are 
not  yet  eftablifhed  on  numerous  and  conclu- 
live  proofs,  and  as  M.  Bucquet  himfelf  pro- 
pofed  them  as  mere  fketches,  we  iball  here 
give  the  hiftory  of  the  feveral  kinds  in  fuc- 
ceffion,  without  adhering  to  his  method  of 
diviiion. 

Genus  I.     ochres. 

Ochres  are  lefs  a£ted  on  by  wate^  than 
clays.  They  are  friable,  and  foil  the  fingers  ; 
their  colour  is  caufed  by  metallic  fubftances, 
almoft  always  iron.  When  urged  by  fire, 
their  colour  becomes  more  intenfe.  A  vio- 
lent heat  melts  them.  They  are  ufed  as 
pigments. 

T  2  .         Species 
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Species. 

i .  Yellow  ochre. 

2.  Red  ochre,   blood  colour. 

3.  Green  ochre;  earth  of  Verona. 

4.  Brown  ochre  ;  Umber. 

Genus  II.     Zeolite. 

Zeolite,  firft  defcribed  by  Cronftedt,  is 
a  flone  compofed  of  needles  diverging  from 
a  centre.  It  neither  gives  fire  with  fleel, 
nor  effervefces  with  acids.  Expofed  to  the 
action  of  fire  it  fvvells  up,  and  affords  a  white 
glafs  refembling  enamel.  By  diftillation  it 
affords  much  water.  The  refidue  contains, 
according  to  Bergman,  filiceous,  argillace- 
ous, and  calcareous  earths.  M.  Bucquet, 
who  likewife  made  the  analyfis  of  this  fub- 
ftance,  affirms,  that  he  found  very  little 
filiceous  earth,  and  a  peculiar  earth,  which 
is  neither  argillaceous  nor  calcareous,  but 
forms  with  the  vitriolic  acid  a  cryftallizable 
fait  in  fmall  mining  plates,  refembling  feda- 
tive  fait,  which  he  has  thought  proper  to 
call  zeolitic  earth.  Thefe  two  earths  are 
cryftallizable  together  by  the  afiiftance  of 
water,  which  makes  more  than  one  eighth 
of  the  whole  compoiition.  M.  Buc- 
quet obtained  one  drachm  and  a  half  of 
water  from  an  ounce  of  the  white  zeolite, 

of 
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of  the  ifland  of  Ferro.*  The  property 
of  forming  a  jelly  with  the  different  acids 
is  not  peculiar  to  this  fubftance,  but  is 
common  to  the  azure  ftone,  tin,  and  to  fe- 
veral  ores  of  iron,  &c.  Its  origin  and  for- 
mation are  unknown  ;  but  it  is  abundantly 
found  among  the  products  of  volcanos.  It 
is  very  plentiful  in  the  ifland  of  Ferro.  We 
are  acquainted  with  fix  forts. 
Species. 

1.  White  zeolite  in  tranfparent  fafces. 

2.  White  zeolite  in  compacl  fafces. 

3.  Red  zeolite. 

4.  Green  zeolite. 

5.  Blue  zeolite. 

The  red,  green,  and   blue    have    not 
been  examined. -f- 

Genus  III.     Schorl. 

Schorl  is  a  ftone  of  a  dark  colour,  violet, 
black,  or  green,  rarely  white,  moderately 
brittle,  and  giving  fice  with  fteel.  It  readily 
melts  into  a  black  opake  glafs.  According 
to  M.  Bucquet,  it  contained  clay  and  iron 
in  combination.     Bubbles    have   been    ob- 

*  Memoires  des  Savans  etrangers  ;    torn  ix.  page  576. 

t  M.  Pelletier,  the  pupil  of  M.  D'Arcet,  has  given  (Jour- 
nal de  Phyfique,  1782,  p.  420.)  a  memoir  on  the  analyfis 
of  the  zeolite  of  Ferro.  By  very  accurate  experiments  he 
found  that  100  grains  of  this  ftone  contain  20  of  pure  clay, 
8  of  lime,  50  of  filiceous  earth,  and  22  of  water.  Note 
of  the  author. 

T  3  ferved 
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ferved  in  the  internal  part  of  fchorls,  fimilar 
to  thofe  in  the  flags  at  glafs-houfes. 

Its  origin  is  not  well  known.  Some  per- 
fons  regard  it  as  a  volcanic  product,  becaufe 
it  is  frequently  met  with  in  places  which 
have  been  burned  ;  but  it  is  likewife  found 
among  matters  formed  by  water. 
Species. 

1.  Violet,  cryflallized  fchorl. 

2.  Violet,  in  fibrous  mafles. 

3.  Black,  in  prifms  of  four,  fix,  eight, 
or  nine  fides  ;  wTith  pyramids  of 
two,  three,  or  four  faces,  like  the 
violet  fchorl. 

4.  Black  fchorl  in  ma/Fes. 

5.  Green  fchorl  in  lamellated  mafles. 

6.  White  bluifli  fchorl. 

7.  Electric  fchorl  of  a  reddifh  yellow, 
tourmaline. 

Genus  IV.     macles. 

By  this  name  we  underftand  certain  prif- 
matic  opake  ftones,  of  a  dirty  appearance, 
often  regularly  formed.  Their  analyfis  made 
by  M.  Bucquet,  fhews  that  they  approach 
the  nature  of  fchorls.  They  are  compofed 
of  iron  and  clay. 
Species. 

I.  Tetrahedral  made,  whofe  fection 
fhews  the  figure  of  a  crofs.  It  is 
found  in  a  kind   of  hard,    deep 

blue 
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blue  fliiftus  of  Britany  ;  it  is  very 
adhefive ;  and  very  brittle.  When 
broken,  two  blueifh  lines  are  feen 
on  its  tranfverfe  fedtion,  interfedt- 
ing  each  other  in  the  middle,  and 
forming  a  crofs.  Sometimes  the 
middle  of  the  prifm  appears  to  be 
filled  with  a  matter  limilar  to  that 
of  the  gangue. 
2.  Crofs-ftones.  Hexahedral prifms, 
articulated  and  crofled  in  the 
middle  like  the  arms  of  a  crofs. 
They  are  found  in  the  leaves  of 
yellow  mica.  The  two  branches 
fcarcely  ever  crofs  each  other  at 
right  angles. 

Genus  V.     Trap. 

Trap  is  a  hard  ftone  of  a  fine  grain,  of 
a  foliated  fradture,  with  angular  indentations 
like  ileps.  It  is  of  a  deep  blackifh  green, 
often  inclining  to  the  colour  of  ochre  : 
fufficiently  hard  to  give  fire  with  fteel, 
and  affords  a  blackifli  glafs  in  the  fire. 
It  is  always  covered  with  a  kind  of  matter 
lets  hard  than  its  own  fubftance.  Its  com- 
ponent parts,  according  to  M.  Bucquet,  are 
clay  and  ir.on,  the  latter  being  in  the  propor- 
tion of  twenty-five  pounds  per  quintal ;  fo 
that  it  may  be  ranked  among  iron  ores.  M. 
Daubenton  confiders  it  as  a  fhiftus  contain- 
ing quartz  in  fand.     We  know  but  of  one 

T  4  kind 
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kind    of  trap,    which    is    that  above    de- 
fcribed. 


Genus  VI.  azure  stone;  lapis  lazuli. 

Its  colour,  the  finenefs  of  its  grain,  the 
analyfis,  which  (hews  that  this  ftone  contains 
iron,  are  reafons  for  placing  this  immediately 
after  the  foregoing.  There  are  three  fpecies. 
Species. 

1.  Oriental  azure  ftone. 

2.  Azure  ftone  of  a  pale  blue,  fre- 
quently inclining  to  purple. 

3.  Armenian  ftone  ;  fpotted  with 
white  and  pale  blue. 

The  beautiful  blue  called  ultramarine, 
which  is  ufed  by  painters,  and  is 
one  of  the  moft  unchangeable  we 
are  acquainted  with,  is  prepared 
from  this  ftone. 

Genus VII.  fusible   crystals   called 

GEMS. 

The  chemical  differences  obferved  between 
the  fevcral  kinds  of  precious  ftones  or  gems, 
induced  M.  Bucquet  to  feparate  them  from 
each  other,  and  to  clafs  each  in  the  order  or 
fedion  to  which  it  feemed  to  belong.  Thofe 
which  are  ranked  in  this  place  are  evidently 
of  a  compound  nature.  M.  Bergman  found 
them  to  contain  many  fubftances,  fuch  as 

filiceous 
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filiceous  earth,  clay,  lime  and  iron.  They 
are  all  fufible,  and  of  a  laminated  ftru&ure. 
Their  fracture  is  lamellated. 

Species.  ^ 

1.  Aqua-marine. 

2.  Emeralds. 

3.  Chryfolite. 

4.  Ruby. 

5.  Bohemian  garnet. 

6.  Garnet. 

Genus  VIII.     Volcanic  Cryftals. 

In  this  genus  M.  Bucquet  comprehended 
all  regular  formed  ftones,  tranfparent  and 
coloured  like  the  gems,  but  which  have  nei- 
ther their  hardnefs  nor  brilliancy.  They 
are  found  in  cavities  lined  with  fmall 
brilliant  particles  of  the  fame  nature  ag- 
glutinated together.  They  are  met  with 
in  the  neighbourhood  of  volcanos,  but  it  is 
not  known  whether  they  are  formed  by  fire. 
We  admit  three  fpecies. 
Species. 

i.    Volcanic    chryfolite  ;    polyhedral 
cryftals  of  a  golden  green. 

2.  Volcanic    hyacinth  ;     polyhedral 
cryftals  of  orange  yellow. 

3.  Volcanic  garnets.      They  greatly 
refemble  fingle  garnets,   but  they 
are  irregular  and  fcattered  among, 
or  on  the  furface  of,  brilliant  la- 
vas, 
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vas,  together  with   the  two  fore- 
going. 

Genus  IX.     Pumice  Stones. 

Moft  of  the  pumice  ftones  appear  to  con- 
fift  of  an  affemblage  of  vitreous  fibres,  like 
threads  wound  on  a  clue.  Their  fubftance 
is  a  true  combination  of  various  matters 
fufed  by  volcanic  fires. 

Pumice  Hones  may  be  diftinguifhed  into 
four  kinds,  each  of  which  has  many  varieties. 
Species. 

1.  White  fibrous  pumice  ftone. 

2.  Coloured  fibrous  pumice  ftone. 

3.  Cellular  and  light  pumice  ftones. 

4.  Cellular  and  compact  pumice  ftone. 

Genus  X.     volcanic  glass. 

The  glafies  melted  and  ejected  by  vol- 
canos  are  formed  of  earthy  and  faline 
matters,  coloured  by  iron,  or  other  metallic 
matters.  They  are  true  chemical  combina- 
tions performed  by  nature  in  the  dry  way. 
Species. 

1.  Cellular  greenifh  glafs. 

2.  Blackifti  glafs ;  cellular,  or  in  ag- 
glutinated fibres. 

3.  Beautiful  black  tranfparent  glafs, 
Iceland  agate,  lapis  obfidianus  of 
the  ancients. 

SEC- 
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SECTION     III. 

Mixed  Earths  and  Stones. 

It  is  very  cafy  to  obferve  the  leading  cha- 
racter of  the  ftones  of  this  feftion,  as  mere 
infpeftion  is  fufficient  to  fhew  the  different 
matters  which  compofe  them  ;  efpecially  if 
they  be  properly  compared  with  the  varieties 
of  the  preceding  fedtions.  We  have  already 
remarked,  that  mechanical  feparation  of  their 
feveral  parts  is  firft  required  before  the  che- 
mical analyfis  can  be  undertaken.  If  thefe 
mixed  ftones  be  expofed  intire  to  the  action 
of  fire,  they  melt  with  more  or  lefs  facility 
into  giafles  of  different  colours  and  appear- 
ance, according  to  the  nature  of  the  parts 
which  compofed  the  mixture. 

They  appear  to  have  been  formed  by  the 
jun6tion  of  the  different  fubftances  we  fet; ; 
and  this  junction  muff  have  been  made  either 
by  means  of  water  or  fire.  This  laft  consi- 
deration engaged  M.  Bucquet  to  divide  this 
fedtion  into  two  orders  like  the  foregoing. 
The  firft  order  comprehends  the  mixed  ftones 
formed  by  water;  and  the  fecond,  fuch  as 
have  been  compofed  by  fire.  This  divifion 
being  founded  on  a  much  greater  number  of 
fadts  than  the  preceding,  induces  us  to  ad- 
mit it  with  much  more  confidence. 

Order 
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Earths  and   Stones  of  a   mixed 
Nature,  formed  by  Water. 

Genus  I.     Petro-filex. 

By  this  name  naturalifls  denote  a  ftone  of 
an  intermediate  hardnefs  between  the  fofter 
fiones,  and  thofe  of  the  filiceous  order.  M. 
Daubenton  has  placed  it  among  the  vitreous 
ftones,  becaufe  it  gives  fparks  with  the  fleel, 
and  its  fracture  is  vitreous,  though  rather 
fcaly.  Petro-filex  has  a  femi-tranfparency 
refembling  wax.  It  is  dull,  and  not  at  all 
fhining,  but  rather  of  the  afpecl  or  defec- 
tive kind  of  polifh  which  tallow  ufually  has. 
Its  grain  is  fine,  and  very  clofe.  It  is  found 
in  very  large  maffes,  and  often  in  beds  or 
ftrata  of  diiferent  fhades,  lying  above  each 
other.  M.  Bucquet  gives  us  its  chemical 
character;  that  of  melting  by  fire  into  an 
opake  glafs.  Its  mixture  is  very  far  from 
being  as  evident  to  infpection,  as  that  of  the 
following  genera.  It  feems  to  have  the 
fame  characters  as  the   compound  ftones,* 

and 

*  It  is  neceffary  to  obferve  that  thefe  chancers,  founded 
en  the  action  of  fire  on  {tones,  are  eftablL'hed  by  experi- 
ments made 'by  the  Due  de  la  Rochefoucauld,  and  by  M. 
Bucquet,  in  an  excellent  melting  fun, .ice  conftructed  for 
that  purpofe  in  the  laboratory  which  the  diftinguiihed  en- 
courager  of  the  fciences  here  rrentioned  has  devoted  to 
every  kind  of  refearch  that  may  tend  to  the  advancement 

of 
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and  is,  for  that  reafon,  placed  at  the  head 
of  this  third  feftion.  It  ferves,  as  it  were, 
as  a  conne&ing  link  between  the  two. 

The  form  of  its  beds,  that  matters  it  fre- 
quently contains,  and  efpecially  the  maffes  of 
it,  which  are  placed  in  the  bowels  of  the  earth, 
mew  that  it  is  formed  by  means  of  water. 
Species. 

1.  Grey  petro-filex. 

2.  Reddifh. 

3.  Greenifh. 

4.  Brown. 

5.  Black. 

6.  Spotted. 

7.  Veined. 

Genus  II.     pudding   stone. 

Pudding  fione  is  a  mixture  of  flints  con- 
nected by  a  cement  of  a  different  nature. 
This  cement  is  either  of  the  nature  of  free- 
ftone,  or  argillaceous,  or  ochreous.  It  is 
fometimes  hard,  and  refembles  filex. 

It  is  not  at  all  doubtful,  but  its  formation 
is  effected  by  water.  It  is  always  found 
on  the  fea  coafts,  or  in  places  which  have 
been  covered  by  water,  and  afterwards  de- 
ferted  by  that  element. 

of  chemiftry.  I  have  examined  moft  of  thofe  refults,  which 
will  doubtlels  be  communicated  to  the  learned  world.  This 
communication  will  confirm  the  valuable  feries  of  experi- 
ments made  by  M.  D'Arcet,  with  the  addition  of  many 
fads  ferving  to  eftabli  fn  the  chemical  characters  propofed 
by  M.  Bucquet,  to  be  uled  in  the  daffing  of  ftones.  Note 
of  the  author. 

Species. 
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Species. 

i.  Sandy  pudding-done. 

2.  Ochreous. 

3.  Argillaceous. 

4.  Siliceous. 

5.  Agatified;  fufceptible  of  the  fineft 
polifh. 

Genus  III.     granite. 

Granite  is  formed  of  three  ftony  matters 
in  fragments  of  greater  or  lefs  magnitude 
united  together.  Thefe  three  fubfcances  are 
quartz,  feldt-fpar,  and  mica. 

It  gives  fire  with  fleel  on  account  of  the 
quartz  and  feldt-fpar  it  contains;  its  fracture 
is  irregular,  and  very  coarfe  grained ;  it  is 
fufible,  but  in  different  degrees,  according 
to  the  refpective  quantities  of  the  matters 
which  compofe  it.  It  takes  a  polifh  more  or 
lefs  bright,  according  to  the  finenefs  of  its 
grain,  and  the  hardnefs  of  the  principles 
which  enter  into  its  compofition.  Some  fpe- 
cimens  change  by  expofure  to  the  air.  This 
laft  phenomenon  has  ferved  to  diftinguifh 
the  ancient  from  the  modern  granites.  The 
fpecies  of  granite  have  been  greatly  multi- 
plied.* They  may,  however,  be  reduced 
to  the  following : 

*  Modern  philofophers  have  paid  great  attention  to  the  na- 
tural hiitory  of  granite.  M.  de  Saufiure  has  given  much  new 
and  important  information  on  this  fubject  in  his  Voyage  des 
Alpes.  All  granites  are  not  formed  by  the  mixture  of  the  three 
flones  mentioned  in  the  text.  There  are  fome  which  con- 
tarn 
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Species. 

1 .  White  granite. 

2.  Grey. 

3.  Red. 

4.  Brown, 

5.  Green. 

6.  Black. 

7.  Dull   and  friable;  altered  by  ex- 
pofure  to  air. 

Genus  IV.     porphyry. 

Porphyry  is  a  ftone  covered  with  fpots  in 
a  ground  of  a  red  or  other  colour.  It  gives 
many  fparks  with  the  fteel. 

It  differs  from  granite  by  its  greater  hard- 
nefs,  and  its  being  fufceptible  of  a  much  more 
lively  polifli.  It  appears  to  be  formed  of  feldt- 
fpar  and  fchorl  united  by  a  quartzofe  cement. 

The  cement  or  pafte,  which  forms  the  ba- 
ils of  porphyry,  is  of  a  very  fine  and  clofe 
grain.  The  different  fragments,  which  are 
bedded  in  this  ground,  are  in  general  much 
fmaller  than  thofe  of  granite.  This  ftone  is 
fufible,  and  affords  a  coloured  glafs.  All 
the  fpecies  of  porphyry  may  be  reduced  to 
the  kv^n  following  : 
Species. 

1.   Red  porphyry,  with  large  fpots. 
2. ,  with  fmall  fpots. 

tain  fchorl  inftead  of  mica  ;  others  contain  both  fchorl  and 
mica.  The  mixture  of  quartz  and  feidt-fpar  only  is  called 
granitin  j  and  the  ftone  compofed  of  quartz  and  fchorl  is 
called  granitello.  See  De  Saufiure's  Voyages  dans  !es  Alpcs. 
Note  of  the  author. 

1.  Green 
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3.  Green  porphyry,  with  large  fpots, 

4. ,  with  fmall  fpots. 

5.  Black  porphyry,  with  large  fpots. 

6. 9  with  fmall  fpots. 

7.  Coarfe  porphyry  of  a  dirty  red,  ap- 
proaching to  the  nature  of  fand- 
ftone. 

Genus  V.     ophites  or  serpentine. 

Pliny  gives  the  name  of  ophites  to  ftones 
fpotted  like  the  ikins  of  ferpents.  M.  Buc- 
quet  confidered  them  as  fpecies  of  porphyry ; 
but  harder,  more  ancient,  and  of  a  mixture 
much  more  intimately  combined.  The 
name  of  ferpentine,  or  hard  ferpentine,  has 
been  given  to  them.  On  comparing  this 
ftone  with  porphyry,  it  is  feen  that  ferpen- 
tine, as  well  as  porphyry,  is  compofed  of  a 
quartzofe  pafte,  together  with  feldt-fpar  and 
fchorl,  but  that  the  feldt-fpar  in  the  former 
is  in  large  rhomboidal  fragments,  while  it 
is  very  fmall  in  the  porphyry. 

Serpentine  gives  fparks  with  fteel.  Its 
fracture  is  fine,  and  rather  fcaly.  It  melts 
in  the  fire. 

The  following  are  the  principal  fpecies  of 
ferpentine  we  have  ken. 
Species. 

1.  Ophites  of  a  deep   green  colour, 
with  large  white  fpots. 

2.  Ophites   of  a  deep  green  colour, 
with  oblong  pale  green  fpots. 

3.  Ophites 
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3.  Ophites  fimilar  to  the  foregoing, 
but  with  very  fmall,  and  fcarcely 
perceptible  fpots.  Many  favage 
nations  cut  them  into  coins.  They 
have  been  called  thunder- ftones. 

4.  Ophites  of  a  brown  colour,  with 
irregular  oblong  fpots  of  a  rofe 
coloured  white. 

The  origin  of  qphites  is  very  obfcure.  It 
is  not  well  known  whether  they  are  the  pro- 
duct of  water,  or  of  fire.  As  they  have 
fome  analogy  with  porphyry,  we  have  placed 
them  after  that  ftone. 

Order  II.     Earths   and  Stones  of  a  mixed 
Nature  formed  by  Fire. 

CONTINUATION  OF  THE  VOLCANIC  PRODUCTS. 

There  is  no  difpute  concerning  the  origin 
of  fubftances  which  compofe  this  order,  fince 
they  are  never  found  but  in  the  neighbour- 
hood of  volcanos,  or  in  places  where  volcanos 
have  formerly  exifted :  befides  which,  they  ex- 
hibit all  the  characters  of  products  of  fire. 
By  joining  the  genera  of  this  order  with 
thofe  defcribed  among  the  compound  ftones, 
a  complete  feries  of  volcanic  products  will 
be  had. 

We  mail  not  comprehend  under  the  name 
of  volcanic  products  all  the  ftones  or  earths 

Vol,  I.  U  found 
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found  in  the  neighbourhood  of  volcanos, 
which  are  not  at  all  altered  by  fire  -,  as  is 
the  cafe  with  the  greater  part  of  the  ftones 
we  have  already  defcribed,  efpecially  granite, 
clays,  &c.  as  well  as  many  faline  fubftances, 
together  with  calcined,  melted,  fublimed, 
or  vitrified  matters.  It  would  be  an  ufelefs 
repetition  to  take  notice  of  their  hiflory  in 
this  place.  We  mall  elfewhere  take  notice 
of  their  exiftence  in  the  neighbourhood  of 
volcanos,  and  the  changes  produced  in  them 
by  the  fubterraneous  fires. 

Genus  I.     volcanic  ashes. 

The  name  of  volcanic  allies  has  been  im- 
properly given  to  certain  pulverulent  earthy 
matters  found  near  volcanos.  They  appear 
to  owe  their  origin  either  to  the  fubftances 
mixed  and  thrown  out  by  volcanos,  or  to 
lavas  altered  by  the  contact  of  air  and  water. 
M.  Bucquet  confidered  them  as  combinations 
of  clay  and  iron.  They  frequently  obey  the 
magnet.     We  are  acquainted  with  two  fpe- 

cies. 

Species. 

1.  Rapillo  ;  a  pulverulent  matter  of  a 
blackifh  grey,  found  near  the  cra- 
ters of  volcanos. 
Rapillo  contains  garnets  and  fchorls, 
whofe  form  is  diftinguifhable, 
though    their    angles    have    been 

foftened 
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foftened  and  encrufted  apparently 
by  fome  matter  in  fufion. 
2.  Puzzolana.  This  fubftance  is  nam- 
ed from  the  town  of  Puzzoli,  where 
it  was  very  anciently  made  ufe 
of.  It  is  an  argillaceous  earth, 
charged  with  iron,  and  of  differ- 
ent colours,  according  to  the  ftate 
of  the  metal.  It  is  found  of  a 
grey,  yellow,  red,  brown,  or  black 
colour.  By  fire  it  melts  into  a 
black  enamel.  The  great  utility 
of  this  fubftance  confifts  in  its 
forming  a  kind  of  mortar,  which 
has  the  property  of  becoming  hard 
in  water.  M.  Faujas  de  St.  Fond 
has  found  it  in  Vivarais.  He 
thinks  that  thefe  earths  are  formed 
by  the  alteration  and  deftruclion  of 
the  porous  lavas,  and  even  of  the 
bafaltes.  This  philofopher,  in  his 
refearches  concerning  puzzx)!r~n2y 
has  given  a  detail  of  the  j  rocefies 
for  constructing  edifices  both  in 
the  air  and  under  water  with  this 
fubftance. 

Genus  II.     LAVAS. 

This  name  is  given  to  the  melted  and  fe- 

mi-vitrified  matter  of  volcanos.     They  moft 

commonly  flow  down  the  fides  of  moun- 

U  2  tains, 
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tains,  whofe  internal  parts  are  on  fire,  and 
form  rivers  of  burning  matter,  which  fome- 
times  flow  to  prodigious  diftances,  to  the 
deftruction  of  every  thing  in  their  way. 
Their  heat  and  mafs  are  foconfiderable,  that 
they  are  feveral  years  in  cooling.  During 
this  period,  they  crack  and  feparate  into 
marTes,  which  are  fometimes  regularly  form- 
ed. Such  appears  to  have  been  the  origin 
of  bafaltes.  A  great  variety  of  thefe  ftones 
are  found  in  cabinets  of  natural  hiftory. 
They  are  in  general  compofed  of  a  parte  of 
a  grey  colour,  more  or  lefs  deep,  with  great 
varieties  of  texture  and  hardnefs,  in  which 
are  bedded  cryftals,  or  irregular  fragments 
of  fchorl,  garnet,  glafs,  zeolite,  6cc.  con- 
flicting a  true  mixture.  It  is  impoffible  to 
give  any  general  character  of  lavas,  as  they 
all  differ  in  their  grain,  confiftence,  hard- 
nefs, colour,  mixture,  &c.  In  general  they  are 
very  fufible,  and  afford  a  kind  of  black  ena- 
mel, Omilar  to  the  glafs  of  volcanos.  M. 
Cadet  has  found  them  to  contain  clay,  iron, 
copper,  and  quartz.  Bergman  thinks  them 
to  be  compofed  of  filiceous,  argillaceous,  and 
calcareous  earths,  with  iron.  Many,  and 
more  efpecially  the  compact  lavas,  have  the 
property  of  acting  on  the  magnetic  needle. 
Species. 

i.  Soft  lava  of  various  colours,  with 
cryftals  of  black  fchorl. 

2.  Soft  lava  of  various  colours,  with 
cryftals  of  green  fchorl. 

3.  Soft 
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3.  Soft  lava  of  various  colours,  with 
cryftals  of  white  fchorl. 

4.  Reddifh  lava,  with  blackifh  cry- 
ftals. 

5.  Yellowifh  and  faline  lava. 

6.  Soft  lava  with  cryftals  of  garnet. 

7.  Chatoyant  and  porous  lava. 

8.  Porous,  grey  lava. 

9.  Soft   lava,    blackifh,    with    white 
cryftals. 

10.  Grey  lava,  rather  compact,  inter- 
fperfed  with  opake,  dodecahedral 
cryftals,  or  garnets  altered  by  fire. 

11.  Ancient  lava,  very  compact,  of  a 
blackifh  grey,  with  fpots  of  a 
deeper  colour. 

Genus  III.     BASALTES. 

The  defcriptions  given  by  naturalifts  of 
bafaltes,  are  very  far  from  being  exact.  Many 
confound  fchorls  and  grenates  with  the  true 
bafaltes,  and  no  writer  has  given  a  good 
definition  of  the  word.  Some  regard  this 
fubftance  as  a  volcanic  product ;  others  have 
fuppofed  them  to  be  formed  by  water.  We 
think  it  proper,  in  confequence  of  the  va- 
luable observations  of  Meflrs.  Defmarets  and 
Faujas  de  Saint  Fond,  to  adopt  the  former 
opinion. 

We  may  affume  the  following  as  the 
diftinctive  characters  of  bafaltes.     A  regular 

U  3  form  j 
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form ;  hardnefs  fufficient  to  give  fire  with 
the  fteel ;  cinereous  grey  colour  inclining  to 
black,  and  a  manifeft  mixture  of  fchorl  or 
fmall  vitrified  fragments,  ufually  of  a  deeper 
colour  than  the  ground.  The  bafaltes  are 
fufible. 

Some  ftones  of  this  kind  are  of  enormous 
magnitude,  and  exift  in  very  considerable 
maffes,  whofe  formation  feems  to  have  been 
effected  in  times  of  the  remoter!;  antiquity. 
Such  are,  i .  The  giants  caufeway,  in  the 
county  of  Antrim,  in  Ireland.  2.  The  rock 
of  Pereneire,  near  Saint-Sandoux,  in  Au- 
vergne,  well  defcribed  by  M.  Defmarets. 
There  are  others  regularly  cryftallized  in 
fmall  prifms  of  three,  four,  or  five  fides, 
&c.  Their  figure,  magnitude,  and  difpo- 
iition  is  exceedingly  various. 

In  general,  thefe  ftones  are  ranged  fym- 
metrically,  one  befide  another.  Their  analy- 
fis  does  not  appear  to  have  been  yet  made 
with  fufficient  accuracy  to  authorize  any 
decided  account  of  their  nature.  They  feem 
to  be  nothing  elfe  but  lavas,  apparently  cry- 
ftallized in  confequence  of  the  cracks  formed 
in  them  in  every  direction  during  their 
cooling.  The  fingular  varieties  they  offer, 
and  their  arrangement,  feem  to  give  much 
force  to  this  opinion.  Water  feems  to  have 
infinuated  itfelf  into  thefe  clifts,  and  to 
have  there  depofited  various  earths,  at  the 
fame  time  that  it  has  produced  fome  alte- 
ration 
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ration  on  the  correfpondent  furfaces  of  the 
bafaltes.     This  is-  apparently  the   caufe  of 
the  yellow  or   brown  crufts  which  feem  to 
envelope  them. 
Species. 

1.  Bafaltes  in  very  long  polygonal 
prifms,  without  regular  pyramids. 

2.  Bafaltes  in  Short  prifms,  truncated 
with  three,  four,  five,  or  ftven 
faces. 

3.  Bafaltes  in  fhort  polygonal  prifms, 
terminated  by  a  concavity  above, 
and  a  convexity  below.  Articu- 
lated bafaltes. 

4.  Small  quadrangular,  triangular,  &c. 

Bafaltes;  formed  by  the  fractures  of 
the  larger,  and  grouped  with 
them. 

Genus  IV.     SCORIA  OF   LAVAS. 

The  melted  matter  which  constitutes 
lavas,  is  a  mixture  of  many  heterogeneous 
fubftances,  differing  in  denfity  and  weight. 
During  its  cooling  thefe  feparate  in  the 
order  of  their  fpeciric  gravities.  The  fcoris 
of  lavas  are  bodies  frequently  of  a  fpongy 
nature,  which  not  having  fuffered  as  com- 
plete a  fufion  as  the  lava  itfelf,  rife  oove  it 
by  their  comparative  levity.  In  other  refpects 
they  fe^m  to  be  of  the  fame  nature,  except 
that  their  principles  are  lefs  perfectly  mixed 

U  4  together. 
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together.  Cryftals  of  fchorl  and  granite  arc 
found  in  them  as  well  as  in  the  lavas  them- 
felves. 

Species. 

1 .  Heavy  volcanic  fcoriae  of  a  corn- 
pad:  texture. 

2.  Black  and  cellular  volcanic  fcoriae. 

3.  Black  and  fpongy  volcanic  fcoriae. 

4.  Black  volcanic  fcoriae,  with  twill- 
ed fibres. 

5.  Yellow   and    ochraceous  volcanic 

fcoriae. 

6.  Reddifh  volcanic  fcoriae. 

The  two  laft  have  been  manifeftly  altered 
by  the  contad  of  air,  water,  and  acid  vapors. 

Such  was  the  method  in  which  the  late  M. 
Bucquet  thought  proper  to  clafs  earths  and 
ftones  in  1777  and  1778.  Mineralogical 
chemiftry  has  been  greatly  improved  fince 
that  time.  The  analyfis  of  ftones  has  been 
made  in  aim  oft  every  chemical  laboratory. 
Meffrs.  Bayen,  D'Arcet,  Monnet,  De  Mor- 
veau,  Sage,  Mongez,  Pelletier,  in  France ; 
Scheele  and  Bergman,  in  Sweden ;  Achard, 
Bindheim,  and  Hupfch,  at  Berlin  j  Woulfe, 
Withering,  and  Kirwan,  in  England,  have 
examined  a  great  number  of  ftones  and 
earths,  and  in  con fequence  of  thefe  nume- 
rous analyfes,  the  clarification  of  thefe  fub- 
flances  has  fuffered  great  changes ;  and  two 
of  the  above-mentioned  chemifts  have 
thought  proper  to  publifh  fyftems  of  mine- 
ralogy. 
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ralogy,  founded  on  the  principles  of  bodies. 
But  they  have  purfued  a  very  different  courfe 
from  that  of  M.  Bucquet,  whofe  aim  was  to 
affociate  the  external  chara&ers  with  the  che- 
mical properties.  Mcffrs.  Bergman  and  Kir- 
wan  have  paid  fcarcely  any  regard  to  the  phy- 
fical  qualities  in  the  claffification  of  earths 
and  flones.  The  nature,  quantity,  and  pro- 
portion of  their  conftituent  parts  have  deter- 
mined them  in  their  methodical  diftribution. 
Their  fyftem,  though  very  ufeful  in  the 
promotion  of  chemical  knowledge,  cannot 
anfwer  the  purpofe  of  diftinguifhing  (tones 
by  their  afpedt  and  fenfible  characters.  It 
therefore  appeared  neceffary  to  prefix  to  thofe 
fyftems  a  natural  method,  as  we  have  here 
done,  with  the  intention,  that  each  mould 
illuflrate  the  other  to  the  advantage  of  fiich 
as  undertake  the  ftudy  of  minerals. 

§11.  The  Chemical  Diftribution  of  Earths 
and  Stones,  according  to  Bergman,* 

After  mewing  that  the  external  characters 
are  not  fufficient  to  diftinguifh  minerals 
from  each  other,  though  they  may  be  of 
great    affiftance   when    judicioufly    chofen, 

*  The  author  in  a  note  obferves,  that  he  has  made  tife  of 
the  French  edition  of  Bergman's  Sciagraphia  Regni  Mine- 
ralis,  tranflated  by  Mongez.  The  Englifh  reader  may 
recur  to  a  tranflation  of  this  excellent  fmall  work,  publifh- 
ed  in  London  by  Dr.  W.  Withering. 

Bergman 
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Bergman  eftablifhes  his  principal  divifions 
of  clafles  and  genera  on  the  compofition  and 
internal  characters  of  the  bodies.  The  prin- 
ciple, which  is  either  the  moll  abundant  or 
the  moft  active,  in  any  mineral,  is  made  ufe 
of  as  a  guide  in  its  diflribution.  He  divides 
all  minerals  or  foflils  into  four  clafles, 
namely,  falts,  earths,  bitumens,  and  metals. 
We  mail  only  take  notice  of  the  earths  in 
this  place. 

Bergman  admits  of  five  earths,  fimple  and 
different  from  each  other;  namely,  ponder- 
ous earth,  lime,  magnefia,  clay,  and  filici- 
ous  earth.* 

He  firft  examines  each  of  thefe  earths  in 
a  ftate  of  purity,  though  they  are  never 
found  fo  in  nature.  He  remarks  that  thefe 
five  earths  combined  together  may  af- 
ford twenty  fpecies,  viz.  ten  combinations 
of  two;  fix  of  three;  three  of  four;  and 
one  of  the  whole  five.  But  as  he  ranks 
among  the  earths  fuch  of  their  combina- 
tions with  acids  as  as  are  not  foluble  in  one 
thoufand    times    their    weight   of    boiling 

*  Among  thefe  five  earths,  three  have  evident  faline 
properties  $  namely,  the  ponderous  earth,  lime,  and  mag- 
nefia ;  and  for  that  reafon  we  fhall  give  their  hiftory  in  the 
fecond  part  of  our  work.  Bergman,  whofe  intention  was 
to  divide  flones  according  to  their  principles,  was  ne- 
cefntated  to  rank  them  among  the  earths,  becaufe  they  are 
often  united  with  each  other.  Many  fubflances  which  this 
illuftrious  chemift  has  reckoned  among  the  earths,  are  falts 
in  our  method,     The  Author, 

water, 
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water,  the  number  of  fpecies  is  greater  on 
this  account.  Befides  which,  two  earthy 
compounds  con  filling  of  like  principles,  may 
differ  greatly  in  the  proportion  of  thefe  prin- 
ciples, and  therefore  have  very  diflincl:  and 
different  properties  belonging  to  their  re- 
fpective  combinations.  Such  are  the  grounds 
of  diftinction  of  the  fpecies  admitted  by 
Bergman,  and  by  his  commentator  M.  l'Ab- 
be  Mongez,  who  has  made  large  additions 
to  the  labours  of  the  Swediih  chemifl.  Here 
follows  the  fpecies  of  each  primitive  earth 
according  to  this  method. 

Ponderous  Earth. 

Species  I.  Pure  ponderous  earth  ;  it  does 
not  exift  in  nature,  and  is  obtained 
by  the  decompofition  of  the  pon- 
derous fpar,  as  we  fhall  fee  here- 
after. 

Species  II.  Aerated  ponderous  earth,  or 
the  combination  of  the  ponderous 
earth  with  the  aerial  acid. 

Species  III.  Vitriolated  ponderous  earth; 
ponderous  fpar;  or  the  combina- 
tion of  the  vitriolic  acid  with  pon- 
derous earth,  This  fubflance  is 
abundantly  found  in  mines.  The 
Bolonian  (lone  is  a  variety  of  this. 

Species  IV,     Vitriolated   ponderous    earth, 

penetrated 
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penetrated  with  petroleum,  mixed 
with  filenite,  alum  and  filiceous 
earth  ;  hepatic  ftone  of  Cronftedt. 
This  fubftanceis  fpathofeand  bril- 
liant ;  yellow,  brown,  or  black ; 
its  odour  is  very  ftrong,  and  it 
does  not  effervefce  with  acids.  A 
centenary  of  this  natural  com- 
pound contains,  according  to  the 
analyfis  of  Bergman,  33  parts  of 
filiceous  earth,  29  of  pure  ponde- 
rous earth,  and  5  of  clay,  befides 
lime,  water,  and  vitriolic  acid. 

Lime. 

Species  I.  Pure  lime,  or  quick  lime.  Berg- 
man did  not  know  of  its  exiftence 
in  nature. 

Species  II.  Aerated  lime.  Chalk,  or  cal- 
careous earth.  The  combination 
of  lime  with  the  aerial  acid.  It 
is  rarely  pure.  It  often  contains 
the  marine  fait  of  magnefia,  calca- 
reous marine  fait,  clay,  filiceous 
earth  or  iron.  Within,  or  at  the 
furface  of  the  earth,  it  conftitutes 
lac  lunce,  ftony  icicles,  calcareous 
ftones,  marbles,  calcareous  fpars, 
concretions,  or  ftaladtites,  &c. 

Species  III.  Aerated  lime  impregnated  with 
bitumen  or  petroleum  j  fwine-ftone. 

It 
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It  is  found  in  France  at  Villers- 
Cotterets,  at  Plombieres,  at  In- 
grande  in  Anjou,  at  Rattwyk  in 
Dalecarlia,  at  Kineculle  in  Wef- 
trogothland,  at  Krafnaielo  in  In- 
germania,  in  Portugal,  in  Sweden, 
&c.  It  emits  a  fetid  fmell,  when 
it  is  rubbed  or  heated  3  fometimes 
the  odour  refembles  that  of  the 
urine  of  cats ;  and  for  this  reafon 
it  has  been  called  lapis  felinus  by 
fome  author.  With  acids  it  efFer- 
vefces ;  in  the  fire  it  decrepitates, 
and  lofes  its  odour  and  colour. 
When  diftilled  in  large  quantities, 
it  affords,  1 .  A  fetid  liquor,  which 
reddens  fyrop  of  violets,  and  effer- 
vefces  with  acids.  2.  A  black 
ftrong  fmelling  oil,  refembling 
that  of  pit  coal.  3.  Concrete  vo- 
latile alkali.  The  refidue  contains 
a  little  marine  fait.  This  fub- 
ftance  owes  its  diftinguifhing  pro- 
perties to  the  bitumen  it  contains. 

Species  IV.  Fluorated  lime.  Fluor  mine- 
ral, or  vitreous  fpar,  combination 
of  lime,  with  the  fparry  or  fiuor 
acid  mixed  with  clay,  liliceous 
earth,  or  a  fmall  quantity  of  ma- 
rine acid. 

Species  V.     Lime  faturated  with  a  peculiar 

acid, 
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acid,  probably  metallic.**  Heavy 
ftone,  tungften  of  the  Swedes. 
This  is  the  heavieft  of  all  ftones. 
It  is  found  in  fmall  yellow  or  red 
grains,  in  the  mines  of  Baftnas, 
near  Ritterhutte  in  Weftmanland; 
and  alfo  of  a  fpathofe,  brilliant, 
and  whitifh  appearance  at  Marien- 
burgh,  and  at  Altenburg  in  Saxony. 
It  is  often  compounded  with  the 
white  tin  ore.  It  refifts  the  fire, 
and  only  vitrifies  at  the  furface. 
It  is  not  foluble  in  boiling  water. 
The  vitriolic  acid  feizes  the  lime. 
The  nitrous  acid,  being  added  to 
a  folution  of  this  ftone  in  volatile 
alkali,  precipitates  a  white  powder, 
which  is  the  peculiar  acid  difco- 
vered  by  Scheele.  J  The  tungften 
may  be  diftinguiihed  from  every 
other  ftone,  by  pouring  the  nitrous 
or  marine  acid  upon  it  in  powder, 
which  laft  becomes  of  a  beautiful 
yellow  on  being  flightly  heated. 
(See  the  Journal  dePhyfique,  1783, 
vol.  22.) 

*  Since  found  to  be  fo.  See  Scheele's  EfTays,  and  De 
Luyart's  on  wolfram,  both  tranflated  into  Englifh,  and 
publifhed  in  London.     T. 

%  De  Luyart's  have  fhewn  that  this  is  a  triple  fait,  con- 
fiding of  wolfram- calx,  volatile  alkali,  and  nitrous  acid. 
It  is  foluble  in  water,  and  has  acid  properties.  The  pure 
calx,  though  not  evidently  foluble  in  water,  rcfembles 
acids  in  its  affinities  with  alkali  and  lime,  and  its  infolu- 
bility  in  acids.     T» 

Species 
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Species  VI.  Aerated  lime  contaminated  «f- 
with  a  fmall  quantity  of  muriatic 
magnefia,  or  marine  fait  of  mag- 
nefia. 

Species  VII.  Aerated  lime  contaminated 
with. clay.     Falfe  marie. 

Species  VIII.  Aerated  lime,  contaminated 
with  liliceous  earth.  Some  cal- 
careous fcones  ufed  by  mafons, 
and  certain  marbles,  are  obferved 
to  give  fire  with  the  fteel,  by  reafon 
of  the  fragments  of  quartz  they 
contain. 

Species  IX.  Aerated  lime,  contaminated 
with  argillaceous  and  liliceous 
earths.      Perfect  marie. 

Species  X.  Aerated  lime,  contaminated  with 
iron  and  magnefia ;  falfe  white  iron 
ore  ;  pulverulent  and  black,  or 
hard  and  red,  or  whitifh.  The 
mines  of  Hallefors  afford  thefe 
varieties. 

Magnefia. 

Species  I.    Pure  magnefia ;  always  produced 

by  art. 
Species  II.     Aerated  magnefia;  found  dif- 

f  The  word  contaminated  (inquinatus)  is  ufed  by  Berg- 
man to  denote  a  fimple  mixture  of  two  or  more  earths, 
without  a  true  combination.  We  have  therefore  fubfti- 
tuted  occafionally  the  word  mixed  in  its  place.  The  author. 

folved 
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folved  in  waters  impregnated  with 
aerial  acid. 

Species  III.  Aerated  magnefia,  mixed  with 
filiceous  earth.  It  is  fcintillant 
and  efferveicent. 

Species  IV.  Magnefia  intimately  combined 
with  filiceous  earth  and  clay ;  ftea- 
tites,  Briancon  chalk,  foap  ftone, 
lapis  ollaris,  Terpentine,  lapis  ne- 
phriticus. 

Species  V.  Magnefia  united  to  a  confidera- 
ble  portion  of  filiceous  earth  with 
a  fmaller  quantity  of  calcareous  and 
argillaceous  earths,  and  contami- 
nated by  calx  of  iron.  Mountain 
cork;  mountain  leather;  amian- 
thus. Bergman  found  in  a  cen- 
tenary of  amianthus,  64  parts  of 
filiceous  earth,  18.  6  of  magnefia, 
6.  9  of  lime,  6  of  vitriolated  pon- 
derous earth,  3.  3  of  clay,  and  1.  2 
of  calx  of  iron :  and  the  fame 
quantity  of  afbeftos  afforded  67 
parts  filex,  16.  8  of  magnefia,  6  of 
clay,  6  of  lime,  and  4.  2  of  calx 
of  iron. 

Species  VI.  Magnefia  mixed  with  argilla- 
ceous and  filiceous  earths  and  py- 
rites ;  a  fpecies  of  alum  ore  des- 
cribed and  analyfed  by  M.  Monnet 
(Syft.  de  Mineralogie,  genre  9. 
pag.  161.) 

Species  VII.  Magnefia  mixed  with  argilla- 
ceous 
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ceous  and  filiceous  earths,  together 
with  petroleum  and  pyrites  j  mag- 
nefian  aluminous  ihiitus. 

Clay. 

Species  I.  Pure  clay ;  it  is  precipitated  from 
alum  by  the  aerated  volatile  alkali. 

Species  II.  Clay  mixed  with  filiceous  earth. 
Porcelain  clay,  kaolin  of  the  Chi- 
nefe.  Solid  clay  of  Saint-Iriez  in 
Limoufin,  of  Japan  and  of  Saxony. 
Pulverulent  clay  of  Weftmanland, 
of  Boferup,  and  of  China.  Thefe 
earths  are  often  mixed  with  mica. 
The  clays  ufed  in  the  more  ordi- 
nary kinds  of  pottery  are  coarfer, 
but  of  the  fame  nature. 

Species  III.  Clay  mixed  with  filiceous 
earth  and  iron.  Boles  or  bolar 
earths,  grey,  yellow,  red,  brown, 
or  black.  They  are  warned,  in 
order  to  make  the  fealed  earths. 
The  common  clays  of  a  green, 
blue,  and  red  colour,  are  of  this 
fpecies. 

Species  IV.  Clay  mixed  with  filiceous  and 
calcareous  earth.  Argillaceous 
marie ;  tobacco-pipe  clay ;  agaric 
mineral  or  foffil. 

Species  V.    Clay  mixed  with  filiceous  and 

magnefian  earth.    Lemnian  earth; 

Vol,  I.  X  fuller's 
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fuller's  earth  ;   foap-rock  ;  fme&i- 
tes.     Bergman  has  obtained  from 
the  Lemnian  earth,  the  Hampfhire 
clay,  and  the  fuller's  earth  of  Eng- 
land, a  large  portion  of  filiceous 
earth,  about  T  of  clay  and  aerated 
lime,  and  ~  of  aerated  magnefia  and 
calx  of  iron.     He  gives  the  generic 
name  of  lithomarga  to  thefe  earths. 
Species  VI.  Clay  contaminated  with  fulphur 
and   vegetable   alkali.     Alum  ore 
of  Tolfa  and  Solfatara.     Bergman 
confiders  it  as  a  volcanic  produft. 
Species    VII.     Clay  mixed   with    filiceous 
earth,     pyrites,     and    petroleum. 
Aluminous  fhiftus.    It  is  found  in 
Italy,  in  the  province  of  Liege,  in 
Sweden,   and   in   Jemtland.     The 
black  crayons,  fuch  as  thofe  from 
Bechel    near  Seez   in  Normandy, 
and  the  ampelites,  are  of  this  fpe- 
cies.     The  tripolis  are  an  alumi- 
nous fhiftus   more  or  lefs  burnt. 
Such  are  thofe  of  Poligne  in  Nor- 
mandy, and  of  Menat  in  Auvergne. 
M.  Mongez    reckons  in  this  fpecies  the 
fhifti,  which  contain  clay  in  a  large  propor- 
tion, and  more  or  lefs  of  filiceous  earth  and 
bitumen.     The  greater  number  are  mixed 
with  calcareous   earth,  and  erFervefce  with 
acids.     The  proportions  of  thefe  principles 
vary  greatly  in  the  different  fhifti.     There 

are 
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are  fome  of  fo  bituminous  a  nature,  that  they 
burn  with  a  flame ;  others  are   loaded  with 
pyrites,  and  effervefce  in  the  air ;  and  others 
are  very  hard,  and  give  fire  with   the  fteel. 
M.   Mongez  admits  five  varieties.    1.  The 
hard    argillaceous    fhiftus,  or  writing  flate. 
2.    The   foft   argillaceous    fhiftus,    or   roof 
flate.     3.  The  foft  filiceous  fhiftus,  or  po- 
lifhing  ftone  for  metals.  4.  The  hard  filiceous 
fhiftus,  or  ftone  for  fetting  razors.     5.  The 
hard  calcareous  fhiftus,  which  makes  a  bad 
lime ;  as  that  of  Allevard  in  Dauphiny. 
Species  VIII.      Clay  combined  with  lefs 
than  half  its  weight  of  filiceous 
earth,    a  fmall  portion  of  aerated 
lime   and    calx    of   iron ;     cryftal 
gems.      The  happy  refearches  of 
Bergman  into  the  nature  of  gems, 
whofe  exceflive  hardnefs  and  im- 
mutability feem    to  'defend  them 
from   the  operations    necefTary  to 
their  chemical  analyfis,  have  been 
confirmed  by  the  labours  of  Mar- 
graaf,  Gerhard,  and  Achard.  Here 
follows  the  refults  of  Bergman's 
analyfis  of  five  cryftal  gems,  which 
are  varieties  of  the  fpecies  we  are 
now  attending  to  : 

Clay.  Silex.  Lime.  Iron. 

Oriental  emerald  contains  60     24.       8       6 
Oriental  fapphire  58     35       5       2 

Saxon  topaz  —        46     39       8       6 

Oriental 
X  z 
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Clay.  Silex.  Lime.  Iron. 
Oriental  hyacinth  40     25     20     13 

Oriental  ruby  —         40     39       9      10 

The  methods  which  this  celebrated  che- 
mift  has  put  in  practice  in  order  to  obtain  a 
knowledge  of  the  component  principles  of 
thefe  ftones,  are  very  ingenious,  and  at  the 
fame  time  very  fimple.  (See  Bergman's  EfTays 
in  Englifh,  London,   1784.) 

Species  IX.  Clay  combined  with  filice- 
ous  earth,  compofing  more  than 
half  of  the  total,  weight  with  a 
very  fmall  quantity  of  aerated  lime 
and  iron,  garnet;  fchorl;  tourma- 
lin. The  proportion  of  iron  va- 
ries in  thefe  ftones.  (See  the  Ana- 
lyfis  of  the  Tourmalin  of  Tyrol,  by 
M.  Muller;  Journal  de  Phyfique, 
vol.  xv.  p.  182.  ann.  1780.) 
Species  X.  Clay  flightly  united  with  fili- 
ceous  earth,  compofing  the  half 
of  the  weight,  and  fometimes 
more,  together  with  a  fmall  pro- 
portion of  lime ;  zeolite.  M. 
Mongez  confiders  the  azure  ftone, 
lapis  lazuli,  as  a  zeolite.  M.  Mar- 
graaf  has  found  a  fmall  quantity  of 
gypfum  ready  formed  in  the  lapis 
lazuli. 
Species  XI.  Clay  united  to  much  lilice- 
ous  earth,  and  a  little  magnefia; 
talc;  mica.      The  proportion   of 

the 
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the  principles  which  compofe  this 
ftone  have  not  been  exactly  ascer- 
tained. 


Siliceous  Earth. 

Species  I.  Pure  filiceous  earth.  It  is 
prepared  by  fufing  clear  quartz 
with  four  parts  of  fixed  alkali,  dif- 
folving  the  whole  in  diftilled  wa- 
ter, and  precipitating  the  earth  by 
an  acid.  This  earth  is  to  be  well 
wafhed  and  dried. 

Species  II.  Siliceous  earth  united  to  a 
very  fmall  proportion  of  calcare- 
ous and  argillaceous  earth.  Rock 
cryftal  with  its  varieties  -,  quartz 
and  its  varieties ;  grit-ftone  and  its 
varieties. 

Species  III.  Siliceous  earth  united  with 
argillaceous  earth.  Calcedony  hy- 
drophanes,  or  oculus  mundi;  this 
contains  more  clay  than  filiceous 
earth,  according  to  M.  Gerhard 
of  Berlin.  Opal  ;  M.  Mongez 
coniiders  as  varieties  of  this  ftone, 
the  cat's  eye,  the  filh's  eye,  and 
the  girafol  ;  to  thefe  three  forts 
of  ftones  he  adds  the  agate,  and 
its  varieties  -3  the  cacholong,  the 
cornelian,  the  fardonyx,  the  gun- 
flint,  the  jade.  Their,  analyfis  has 
X  3  not 


326  MINERALOGY, 

not  yet  been  made  with  much  ex- 
aflnefs. 

Species  IV.  Siliceous  earth  united  to  a 
very  martial  clay ;  jafper.  M.  Mon- 
gez  reckons  the  finople  as  a  variety 
of  jafper. 

Species  V.  Siliceous  earth  rendered  heavy 
by  martial  earth.  Falfe  jafper. 
M.  Mongez  calls  this  ftone  metal- 
lic quartz.  He  diftinguifhes  it  into 
the  black  coloured  by  iron,  and  the 
red  coloured  by  copper. 

Species  VI.  Siliceous  earth  united  to  ar- 
gillaceous earth,  and  a  fmall  por- 
tion of  lime  ;  petrolilex.  This 
ftone  fometimes  gives  fparks  with 
the  fteel,  and  effervefces  with  acids; 
it  melts  in  a  ftrong  fire. 

Species  VII.  Siliceous  earth  united  to  clay, 
and  a  fmall  portion  of  magnefia ; 
feldt-fpar.  It  changes  colour  in 
the  fire,  and  melts.  It  does  not 
become  decompofed  by  air ;  it 
gives  fparks  with  the  fteel,  and 
breaks  eafily. 

Species  VIII.  Siliceous  earth  united  to 
magnefia,  aerated  and  fluorated 
lime,  with  the  calces  of  iron  and 
of  copper.  Prafe,  chryfoprafe. 
It  is  from  the  analyfis  of  M. 
Achard,  that  Bergman  defcribes 
the  compofition  of  this  ftone. 

I.  AP- 
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I.     APPENDIX. 

Bergman,  in  his  firft  appendix,  treats  of  mi- 
nerals united,  or  mechanically  mixed  with 
each  other,  in  fuch  a  manner,  as  that  the 
parts  may  be  diftinguifhed  by  the  eye.  We 
fhall  here  mention  only  the  mixtures  of 
earths.  Such  are  the  ftones  called  rocks, 
iaxa.  M.  Mongez  diftinguifhes  thefe  ftones 
or  rocks  into  two  genera.  1.  Such  as  have 
not  their  parts  united  by  means  of  any  cement, 
but  adhering  fimply  by  juxta  pofition,  being 
formed  by  various  fragments  agglutinated  to- 
gether. He  diftinguifhes  them  into  three 
fpecies,  granite,  gneis  of  Saxony,  and  horn- 
ftcne.  2.  The  mixed  ftones,  whofe  parts 
are  encrufted  in  a  common  cement,  as  is  the 
cafe  in  four  kinds,  namely,  porphyry,  ophi- 
tes or  ferpentine,  breccias  and  pudding- 
ftone.  We  fhall,  in  this  place,  exhibit  the 
varieties  of  thefe  ftones  admitted  by  this  na- 
turalift. 

I.  granite.  It  is  formed  of  quartz, 
feldt-fpar,  mica,  fchorl,  and  fteatites,  mixed 
in  different  proportions,  two  and  two,  three 
and  three,  or  four  and  four ;  the  quartz  al- 
ways constitutes  the  bafe. 

Variety  I.     Granite  of  two   fubftances ; 
granitin. 

A.  Quartz  and  feldt  fpar. 

B,  Quartz  and  fchorl, 

X  4  C.  Quartz 
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C.  Quartz  and  mica. 

D.  Quartz  and  fteatites. 

Variety  II.   Granite  of  three  fubftances. 

A.  Quartz,  feldt-fpar  und  mica.  It  is 
the  moft  common,  the  moft  abun- 
dant, and  the  moft  varied  of  any. 

B.  Quartz,  mica,  and  fchorl. 

C.  Quartz,  fchorl,  and  fteatites. 
Variety  III.     Granite  of  four  fubftances. 

A.  Quartz,  feldt-fpar,  fchorl,  and  mica. 

B.  Quartz,  feldt-fpar,  fchorl,  and  fte- 
atites. 

II.  gneis.  Gneis  is  a  mixture  of  quartz 
in  grains,  and  mica  in  greater  or  lefs  abun- 
dance, with  much  clay,  or  fteatites  which 
conftitutes  the  bafe.  This  ftone  is  filiated, 
likefhiftus.  It  is  fubjecl:  to  alteration  and  de- 
compofition  in  the  air,  in  confequence  of  the 
humidity  which  the  clay  abforbs.  The  Alps 
in  Dauphiny  contain  many  varieties  of  gneis. 

III.  horn-stone.  This  ftone  is  com- 
pofed  of  very  minute  parts,  among  which 
brilliant  fpecks  of  mica  may  be  diftinguifh- 
ed.  It  has  an  earthy  afpec~t,  and  when  moif- 
tened,  has  an  argillaceous  fmelh  In  the, 
fire  it  hardens  like  clays,  and  melts  into  a 
blackifh  fcoria,  or  black  glafs,  if  the  heat 
be  intenfe.  Its  colours  are  various.  M. 
Mongez  confiders  the  trap  of  the  Swedes  as 
a  variety  of  the  horn-ftone. 

IV.  porphyry  feems  to  confift  of  a  hard 
and  fine  pafte,  of  the  nature  of  red  jafper, 

which 
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which  envelopes  grains  either  cryftalline,  or 
irregularly  fhaped,  of  quartz,  of  white  or 
reddifh  feldt-fpar,  and  fometimes  green  or 
black  fchorl. 

V.  ophites.  The  ophites  or  hard  fer- 
pentine,  is  a  fpecies  of  porphyry,  whcfe  ce- 
ment is  green,  and  the  fpots  of  a  greenifh 
white.  Thefe  are  ufualiy  longifh  in  the 
ophites,  while  they  are  fquare  or  rhomboi- 
dal  in  the  porphyry.  The  thunder-ffcone  is 
a  variety  of  this  fpecies. 

VI.  breccias  (from  the  Italian  word  de- 
noting frrgment).  This  is  a  mixed  ftone 
of  an  origin  greatly  poflerior  to  the  preced- 
ing. It  is  formed  by  the  deftru&ion  of  the 
primitive  mountains,  and  by  irregular  and 
worn  pieces  of  filex,  &c.  united  by  one 
common  cement.  M.  Mongez  confounds 
the  pudding-ftones  with  the  breccias.  He 
gives  a  compound  name  to  the  latter,  which 
indicates  the  nature  of  their  fragments,  and 
the  cement  which  unites  them.  He  diftin- 
guifhes  eight  varieties.  The  calcareous  brec- 
cia, which  is  the  breccia  properly  fo  called, 
and  the  lumachelloj  the  filiceo-filiceous  brec- 
cia, or  the  pudding-ftone  ;*  the  breccia  with 
a  calcareous  cement,  and  fragments  of  the 
calcareous  and  filiceous  genus ;  the  breccia 
with  filiceous  cement,  and  fragments  of  the 

*  According  to  this  nomenclature,  the  firft  word  ex- 
prefTes  the  nature  of  its  cement,  and  the  fecond  that  of  its 


fragments.     The  author. 


cal- 
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calcareous  and  filiceous  genus  ;  the  arenario- 
liliceous  breccia,  fuch  as  the  grifon  of  Char* 
tres  ;  the  breccia  with  cement  and  frag- 
ments of  jafper  ;  the  breccia  with  cement 
and  fragments  of  porphyry  j  and  the  volca- 
nic breccia. 


II.     APPENDIX. 

Volcanic  Produces. 

M.  Mongez  divides  the  volcanic  products, 
after  Bergman,  into  fuch  as  have  been  formed 
by  fire,  and  fuch  as  owe  their  origin  to  water. 
The  latter  are  nothing  more  than  fuch  earthy 
fubftances,  as  have  been  diffolved  and  fuf- 
pended  in  water,  and  afterwards  depo- 
sited in  the  neighbourhood,  and  among  the 
produces  of  volcanos ;  fuch  are  the  calcareous 
and  filiceolis  incruftations,  as  well  as  the 
zeolites  frequently  found  in  volcanic  pro- 
ductions. 

M.  Mongez  divides  the  true  volcanic  pro- 
ducts into  three  orders.  1.  Earthy  fub- 
ftances very  little  changed  by  the  fire;  as 
calcareous  matters,  clays,  granites,  hya- 
cinths, fchorls,  and  mica.  2.  Earthy  fub- 
ftances calcined  and  burned  ;  as  the  volcanic 
aflies,  or  the  rapillo  and  puzzolana,  the  tufa, 
the  peperino  of  the  Italians,  the  pumice 
ftone,  and  the  white  earth  which  covers  the 
folfatara.     3.  Earthy  fubftances  melted,  or 

lavas, 
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lavas,  of  which  he  admits  feveral  fpecies  ; 
fpongy,  compaft,  and  ftaladtilical  lavas,  and 
volcanic  glafs.  To  thefe  divifions,  he  adds 
the  earthy  volcanic  produ&s  of  uncertaia 
origin.  In  this  order  he  particularly  ranks 
the  garnets,  the  volcanic  ichorl,  and  efpe- 
cially  the  bafaltes,  which  he  thinks  are 
mafles  of  trapp  foftened  by  the  humid  va- 
pours of  volcanos,  and  afterwards  flowly 
dried  when  the  vapours  have  ceafed. 

§   III.     Chemical    Claffiiication   of  Earths 
and  Stones,  by  Mr.  Kirwan. 

M.  Kirwan,  a  celebrated  chemift  of  Lon- 
don,  publifhed  in  1784,  a  mineralogical 
work,  in  which  he  chiles  all  the  bodies  of 
the  mineral  kingdom  according  to  their  che- 
mical properties  or  combinations.  The 
earths  and  flones  are  ranked  in  his  firft  part. 
After  having  given  as  the  charafters  of  thefe 
fubilances,  infipidity,  drynefs,  brittlenefs, 
incombuftibility,  and  infolubility  in  lefs 
than  one  thouiand  times  their  weight  of 
wrater  ;  like  Bergman,  he  admits  five  ge- 
nera of  fimple  earths,  the  calcareous  earth, 
ponderous  earth,  or  barytes ;  magnefia,  or 
muriatic  earth;  argillaceous  earth,  and  fili- 
ceous  earth.  Under  thefe  genera  he  places* 
according  to  the  chemical  analyfis,  all  the 
known  earth  and  ftones. 

CAL^ 
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CALCAREOUS     GENUS. 
He  admits  twelve  Species. 

Species  I.  Calcareous  earth,  uncombined 
with  any  acid ;  native  lime  of  vol- 
canos.  Falconer  on  the  Bath  Wa- 
ters, vol.  i.  p.  156.  and  257. 
Monnet,  Mineralog.  p.  515. 

Species  II.  Calcareous  earth  combined 
with  the  aerial  acid.  The  varie^ 
ties  arranged  in  two  feries  are  tran- 
fparent  calcareous  fpar,  opake  fpar, 
ftaladtites,  tophi,  incruftations,  pe- 
trifactions, agaric  mineral  or  guhr, 
chalk,  lime-ftone,  and  marbles. 
Bayen,  Journal  de  Phyf.  t.  xi.  p. 
496. 

Species  III.  Calcareous  earth,  combined 
with  the  vitriolic  acid ;  gypfum, 
felenite  or  plafter.*      He   admits 

*  We  obferve  here,  that  M.  Kir  wan  reckons  many 
earthy  falts  among  the  ftones  ',  though  the  folubility  of 
moft  of  them,  and  of  this  in  particular,  is  nearly  double 
that  of  the  moft  foluble  of  ftones. 

It  would  be  fuperfluous  in  this  place  to  mention  the 
proportions  and  the  component  parts  of  thefe  pretended 
ftones,  as  we  fhall  fpeak  of  them  in  the  hiftory  of  falts. 
For  this  reafon  we  fhall  mention  thefe  proportions  only  in 
the  two  laft  genera  of  Mr.  Kirwan,  which  we  confider  as 
true  earths.     Note  of  the  author. 

two 
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two  feries,  the  tranfparent  and  the 
opake. 

Species  IV.  Calcareous  earth  combined 
with  the  fparry  acid.  Fl«or-fpar, 
petunfe  of  Margraaf.  Series  1. 
Tranfparent  fluors.  Series  2.  Opake 
fluors. 

Species  V.  Calcareous  earth  combined 
with  the  tungflen  acid.  Tungften 
or  heavy  flone.  Woulfe  in  Phil. 
Tranf.  for  1779,  p.  26.  Scheele's 
Effays,  alfo  De  Luyart's  on  Wol- 
fram. 

Species  VI.  Aerated  calcareous  earth 
mixed  with  a  notable  proportion 
ofmagnefia.  Var.  1.  Compound 
fpar,  defcribed  by  M.  Woulfe. 
Phil.  Tranf.  for  1779,  p.  29.  Va- 
riety 2.  Creutzenwald  ftone,  ana- 
lyzed by  M.  Bayen.     13  Rozier, 

P-  59- 
Species    VII.     Aerated    calcareous    earth 

mixed  with  a  notable  proportion 

of  clay.      Variety    1.    Calcareous 

marl.      Var.  2*  Travertino,  mar- 

godes.  Ferber's  Italy,  p.  117.  159. 

Species  VIII.  Aerated  calcareous  earth 
mixed  with  a  notable  proportion 
of  ponderous  earth.  Barytical  lime- 
ftone  or  marl  from  Derbyfhire. 

Species  IX.  Aerated  calcareous  earth  mix- 
ed with  a  notable  proportion  of 

filiceous 


334  MINERALOGY. 

filiceous  earth.     Var.  I.   Stellated 
*  fpar.      Var.    2.    Calcareous    grit, 

Moellon,  Pierre  de  Liais.  Monnet 
Mineralogie,  p.  216. 
Species  X.    Aerated  calcareous  earth  mix- 
ed with  a  fmall  proportion  of  pe- 
trol.    Swine  ftone. 
Species  XI.  Aerated  calcareous  earth  mix- 
ed with  a   notable  proportion  of 
pyrites  ;    pyritaceous    lime-ftone, 
pierre  de   St.   Ambroix,  analyzed 
by    Baron    Servieres,    21    Rozier, 
394.     22  Roz.  207. 
Species  XII.  Calcareous  earth  mixed  with 
a  notable  proportion  of  iron.    Va- 
riety 1,    Aerated  calcareous  earth 
mixed  with  iron.    Rinman,  Mem. 
Stockholm,  1754.    Var.  2.  Tung- 
ften  with   iron.       Cronftedt,    M. 
Stockholm,   1751. 
To  thefe  twelve  fpecies  of  the  calcareous 
genus,  Mr.   Kirwan  adds   fix  other  fpecies 
of  compound  ftones,  in  wThich  the  calcareous 
genus  predominates.      1.  The  different  Am- 
ple calcareous   fpecies   mixed   together;    as 
felenite  and  chalk,  vitreous  fpar  and  tungften. 

2.  Compounds  of  calcareous  and  barytical 
fpecies  •>  fuch  as  the  yellowifh  ftones  from 
Derbyfhire,  confifting  of  lumps  of  chalk 
interfperfed  with  nodules  of  ponderous  fpar. 

3.  Compounds  of  calcareous  and  muriatic 
fpecies;    fuch  as    the  white  marble  mixed 

with 
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with  fteatites,  the  pietra  telchina,  the  verde 
antico.  4.  Compounds  of  calcareous  and 
argillaceous  fpecies,  of  chalk  and  fhiftus  ; 
fuch  as  the  green  campan  from  the  Pyrenees, 
the  red  campan,  the  yellow  figured  marble 
from  Florence,  the  griotte,  the  amandola, 
the  cipolin  from  Rome.  (See  Bayen's  Journal 
de  Rozin,  vol.  xi.  p.  499.  801  ;  and  vol. 
xii.  p.  51.  56,  57.)  of  chalk  and  mica;  fuch 
as  the  cipolin  from  Autun,  the  macigno, 
pietra  bigia,  columbina  or  turchina  of  the 
Italians.  5.  Compounds  of  calcareous  and 
filiceous  fpecies,  fcintillating  marble,  vol- 
canic pudding  itone.  6.  Laftly,  Compounds 
of  calcareous  earth,  with  fpecies  of  two  or 
more  genera,  as  the  calcareous  porphyry  and 
lime-ftone  interfperfed  with  fchorl  and  mica. 

BARYTIC   GENUS. 

He  admits  fix  Species. 

Species  I.  Ponderous  earth  combined  with 
the  aerial  acid.  From  Alfton  Moor 
in  Cumberland,  examined  by  Dr. 
Withering. 

Species  II.  Barytes  combined  with  the 
vitriolic  acid.     Ponderous  fpar. 

Species  III.  Barytes  combined  with  the 
fparry  acid.  It  does  not  exift  in 
nature,  but  is  produced  by  art. 

Species  IV.    Barytes  combined  with  the 

tungflenic 
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tungftenic  acid.  This  an  artificial 
product  like  the  foregoing. 

Species  V.  Aerated  barytes  mixed  with 
a  notable  proportion  of  filex  and 
iron. 

Species  VI.  Ponderous  fpar,  mixed  with 
a  notable  proportion  of  filex  mi- 
neral oil,  and  terrene  falts.  Liver 
ftone,  white,  grey,  yellow,  brown, 
or  black. 


MURIATIC    OR    MAGNESIAN 

GENUS. 

Mr.  Kirwan  reckons  eight  fpecies,  among 
which  he  ranges  all  earths  or  ftones,  in  which 
magnefia  predominates,  and  fuch  as  exhibit 
the  characters  of  the  magnefian  genus,  though 
they  may  contain  more  filex  than  magnefia. 
Species  I.     Magnefia  combined  with  the 
aerial  acid,  and  mixed  with  other 
earths.    Var.  1.  Mixed  with  filex ; 
fpuma  maris.     It  is  this  fubftance 
the  large  Turkey  tobacco  pipes  are 
formed  of;  terre  a  chalumeau  of 
Canada.    Var.  2.  Mixed  with  cal- 
careous  earth   and  iron.      Olive- 
coloured  or  blue  earth  found  near 
Thionville.     Var,  3.  Mixed  with 
clay,  talc,  and  iron  \  greenifh  yel- 
low from  Silefia. 
Species  II.     Combined   with   the   aerial 

acid  -, 
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acid ;  above  four  times  its  weight 
of  filex,  and  a  fmall  proportion  of 
argill.  Var.  i.  Steatites.  Var.  2. 
Lapis  ollaris. 

Species  III.  Aerated  magnefia  combined 
with  filex,  calcareous  earth,  and  a 
fmall  proportion  of  clay  and  of 
iron.  Var.  1.  Fibrous  afbeftos. 
Var.  2.  Coriaceous  albeftos,  moun- 
tain cork. 

Species  IV.  Aerated  magnefia  combined 
with  filex,  aerated  calcareous  earth, 
barytes,  clay,  and  iron.  Amian- 
thus. 

Species  V.  Pure  magnefia  combined  with 
fomething  more  than  its  own  weight 
of  filex,  about  one  third  clay,  near 
one  third  water,  and  about  one  or 
two  tenths  of  its  weight  of  iron. 
Serpentine,  lapis  nephriticus,  ga- 
bro  of  the  Italians. 

Species  VI.  Pure  magnefia,  intimately 
mixed  with  nearly  twice  its  weight 
of  filex,  and  lefs  than  its  weight 
of  clay.  Venetian  talc,  Mufcovy 
talc. 

Species  VII.  Magnefia  combined  with  the 
fparry  acid.  It  has  not  been  yet 
found  in  nature. 

Species  VIII,  Magnefia  combined  with 
the  tungften  acid.  It  is  not  met 
with  in  nature. 

Vol.  I.  Y  M.  Kir- 
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M.  Kirwan  adds  to  thefe,  five  other  com- 
pound fpecies,  in  which  magnefia  predomi- 
nates. 1.  The  compounds  of  feveral  muri- 
ated  fpecies  among  each  other :  fteatites  and 
talc,  Brian9on  chalk;  ferpentine  with  ftea- 
tites or  afbeftos.  2.  Of  the  muriatic  and 
calcareous  fpecies ;  red,  green,  yellow,  or 
black  ferpentine ;  with  veins,  or  fpots  of 
white  calcareous  fpar,  potzevera;  the  black 
is  the  Nero  di  prato,  and  the  green  the 
verde  di  fuza  of  the  Italians.  3.  Of  the  mu- 
riatic and  barytic  fpecies  mixed  together ; 
ferpentine  with  veins  or  fpots  of  ponderous 
fpar.  4.  Of  the  muriatic  and  argillaceous 
fpecies  ;  fteatites  mixed  with  clay,  mica,  or 
ihiftus.  5.  Of  the  muriatic  and  filiceous 
fpecies  ;  ferpentine  with  veins  of  quartz, 
feldt-fpar,  or  fchorl. 

ARGILLACEOUS   GENUS. 

Mr.  Kirwan  diftinguifhes  fourteen  fpecies 
in  this  genus. 

Species  I.   Clay  fat urated  with  aerial  acid, 

Lac  lunas,  according  to  the  analy- 

fis  of  M.  Schreber. 
Species  II.  Clay  combined  with  the  aerial 

acid,    and  mixed   with   filex  and 

water ;  clay,  pipe  clay,  porcelain 

clay. 
Species  III.  Clay  faturated  with  the  vitri- 
olic 
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clic  acid  ;  embryon  alum  in  fcales 
reiembling  mica.     Beaume. 

Species  IV.  Clay  faturated  with  the  ma- 
rine acid  ;  embryon  marine  alum. 

Species  V.  Clay  combined  with  about 
one  part  and  a  half  of  filex,  nearly 
one  part  of  magnefia,  and  half  a 
part  of  dephlogifticated  iron;  mica. 

Species  VI.  VII.  VIII.  IX.  Clay  com- 
bined with  filiceous,  magnefian, 
and  calcareous  earths,  with  iron 
and  bitumen  ;  flate,  blue  fhiftus, 
pyritcus  fhiftus,  bituminous  fhif- 
tus, argillaceous  fhiftus. 

Species  X.  Clay  intimately  mixed  with 
near  twice  its  weight  of  filex,  al- 
moft  its  weight  of  magnefia,  a 
fmall  proportion  of  calcareous 
earth,  and  almoft  its  weight  of 
femi-phlogifticated  calx  of  iron. 
Horn-ftone,  or  horn-blende. 

Species  XI.  Clay  combined  with  four 
times  its  weight  of  filex,  half  its 
weight  of  pure  calcareous  earth, 
and  fomething  more  than  its  weight 
of  iron.      Toadftone. 

Species  XII.  Clay  united  to  from  up- 
wards of  two  to  eight  times  its 
weight  of  filex,  about  half  its 
weight  of  lime,  and  from  one  to 
two  times  its  weight  of  water  ; 
zeolite. 

Y  2  Species 
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Species  XIII.  Clay  imperfe&ly  united  to 
four  times  its  weight  of  filiceous 
earth/  and  one  third  lava;  pitch 
flone,  lava. 

Species  XIV.  Clay  mixed  with  a  notable 
proportion  of  red  calx  of  iron,  and 
ibmetimes  fteatites ;  red  chalk. 

To  thefe  Mr.  Kirwan  adds  fix  compound 
fpecies,  in  which  the  argillaceous  genus 
predominates. 

SILICEOUS    GENUS. 

He  admits  twenty-fix  Species  of  this  Genus. 

Species  I.  Siliceous  earth  nearly  pure ; 
quartz,  cryftal,   fand. 

Species  II.  Siliceous  earth,  with  ?  of  clay, 
and  ^V  of  calcareous  earth;  com- 
mon flint. 

Species  III.  Siliceous  earth,  with  J  or 
4-  of  clay,  and  T~-  or  T?  of  calcare- 
ous earth ;  petrofilex,  chert. 

Species  IV.  Siliceous  earth,  with  i-  of 
argill,  and  £  or  ^  of  calx  of  iron. 
Jafper. 

Species  V.  Jfhe  finer  flints  mixed  with 
various  proportions  of  other  earths 
and  iron.  Precious  fiones  of  the 
fecond  order.  Agate,  opal,  chal- 
cedony, onyx,  cornelian,  fardonyx. 

Species  VI.     Siliceous  earth,  with  from 

an 
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an  equal,  to  three  times  its  weight 
of  argill,  and  from  ~  to  an  equal 
weight  of  calcareous  earth,  toge- 
ther with  from  TJT  to  an  equal  part 
of  iron.  Precious  ftones  of  the 
Erft  order,  Ruby,  topaz,  hya- 
cinth, emerald,   fapphire. 

Species  VII.  Amethvft.  Its  compofition 
is  not  known. 

Species  VIII.  Siliceous  earth  united  to 
•sV  of  its  weight  of  calcareous  earth, 
lefs  cf  magnefia,  with  an  exceed- 
ing fmall  proportion  of  iron,  cop- 
per, and  fparry  acid.     Cryfopraie. 

Species  IX.  Siliceous  earth,  with  blue 
martial  fluor,  and  a  fmall  propor- 
tion of  gypfum.  Lapis  lazuli. 
M.  Margraaf  found  it  to  contain 
clay,  gypfum,  filex,  and  iron. 
M.  Rinman  found  it  to  contain 
the  fparry  acid. 

Species  X.  Jade.  Mr.  Kirwan  fufpecls 
it  to  confift  of  filex,  magnelia,  and 
iron. 

Species  XI.  Siliceous  earth  with  clay, 
ponderous  earth,  and  magnefia. 
Feldt-fpar,  petuntze,  Labrador 
flone.  100  Parts  of  the  wrhite 
feldt-fpar  contain  about  67  of  fili- 
ceous  earth,  14  of  argillaceous,  11 
of  ponderous  earth,  and  8  of  mag- 
nefia. 

Y  3  Species  XII. 
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Species  XII.  Siliceous  zeolite.  It  is  found 
at  Mseffibefg.  It  differs  from  the 
common  zeolite  in  giving  lire  with 
fleel,  which  llievvs  that  it  contains 
filex. 

Species  XIII.  Siliceous  earth,  with  more 
than  one  third  of  its  weight  of 
clay,  and  ~  of  calcareous  earth, 
without  iron.  White  garnet  of 
Vefuvius.  ioo  Parts  contain,  ac- 
cording to  Bergman,  55  of  iilice- 
ous  earth,  39  of  clay,  and  6  of 
calcareous  earth. 

Species  XIV.  Siliceous  earth  with  clay, 
calcareous  earth  and  iron.  Garnet. 
According  to  Mr.  Achard,  100 
parts  of  this  ftone  are  compofed 
of  48  filiceous  earth,  30  clay,  12 
calcareous  earth,  and  io  iron. 

Species  XV.  Siliceous  earth  with  much 
clay,  about  tenth  of  calcareous 
earth,  and  fmall  portions  of  iron 
and  magnefia;   fhoerl. 

Species  XVI.  Bar  fhoerl,  ftangen  fhoerl 
of  the  Germans,  found  by  M. 
Fichtel  in  the  Carpathian  moun- 
tains, embodied  in  lime-flone,  and 
cryftallized  in  prifms.  It  flightly 
effervefces  with  acids.  According 
to  M.  Bindheim,  100  parts  of  it 
contain  62  of  iilex,  21  of  calca- 
reous earth,  6  of  clay,   5  of  mag- 

nelia, 
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nefia,  2  of  iron,  and  3  of  water. 
Species  XVII.  Tourmalin.     The  propor- 
tion of  the  principles  of  the  tour- 
malins of  Tyrol,  Ceylon,  and  Bra- 
zil, is  thus  exhibited  by  Bergman. 

Clay.  Silex.  Calc.  Iron. 
T  ,       ,     ,  r  Tourmalin  of  Tyrol    42     40     12     6 

^pTmrf  hff c/ylo„  \9    t?    *5    9 

parts  or  me   £  _^ Brazil     50     34     Ix     5 

Species    XVIII.       Bafaltes,    trapp.     100 
Parts  contain,  according  to  Berg- 
man, 52  of  filiceous  earth,   15  of 
clay,  8  of  calcareous,  2  of  magne- 
fia,  and  25  of  iron. 
Species  XIX.    Rowly  rag.    A  dark  grey 
flone  of  a  granulated    ftrudture  ; 
which  becomes  magnetic  by  heat, 
and  melts    by  a  ftrong  fire.     By 
expofure   to   air,    it    acquires    an 
ochreous  cruft.    too  Parts,  accor- 
ding to  Withering,  contain  47.  5. 
of  filiceous  earth,  32.  5.  of  clay, 
and  20  of  iron. 
Species  XX.     Silex,  clay,   iron,    and  in 
moll:  fpecimens  calcareous   earth, 
melted  by  volcanic  fires. 
I.  Cellular  lavas,  erroneoufly  called  pu- 
mice ftones  by  fome.     They  have  undergone 
the  loweft  degree  of  fufion.     Thefe  ftones 
contain  from  45  to  50  per  cent,  of  filex; 
from  15  to  20  per  cent,  of  iron,  4  or  5  per 
cent,  of  pure  calcareous  earth,  and  the  re- 
mainder clay, 

Y  4  2.  Com- 
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2.  Compad  lavas.  Thefe  have  under- 
gone the  fecond  degree  of  fufion.  They 
have  few  cavities,  and  give  a  clear  found 
when  ftruck. 

3.  Vitreous  lavas.  Completely  melted, 
and  forming  vitrifa&ions  of  different  co- 
lours, generally  black  or  afh- coloured,  rarely 
blue  or  greenifh.  M.  Saufiure  has  imitated 
all  thefe  ipecies  of  lavas,  by  melting  more 
or  lefs  perfectly  the  compound  argillaceous 
fpecies  into  which  horn-ftone  enters,  as  the 
moft  copious,  which  he  therefore  calls  horn- 
rock  (Voyage  dans  les  Alpes,  p.  127.) 

Species  XXI.  Siliceous  earth  mixed  with 
above  one  tenth  of  its  weight  of 
magnefia,  and  a  fmall  portion  of 
calcareous  earth.     Pumice  done. 

Species  XXII.  Siliceous  earth  mixed  with 
lefs  than  its  own  weight  of  mag- 
nefia and  iron.  Martial  muriatic 
fpar.  Pifolites  fount  at  Saint  Marie 
aux  Mines,  by  M.  Maret. 

Species  XXIII.  Siliceous  earth,  with  '-  of 
its  weight  of  mild  calcareous  earth. 
Turky  ftone.     It  hardens  with  oil. 

Species  XXIV.  Siliceous  earth  mixed 
with  mild  calcareous  earth  and 
iron.      Rag-ftone. 

Species  XXV.  Arenaceous  quartz  con- 
folidated  by  a  fmaller  proportion 
of  calcareous  or  argillaceous  earth, 
and  a  ftill  fmaller  of  iron.     Grit, 

which 
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which  may  be  reduced  to  fand  by 


Po 


undine.  Sand-ftone.  Free-ftone. 


Var.  1 .   Grit  with  a  calcareous  ce- 
ment,   from     Fontainebleau.      It 
effervefces    with    acids.     Var.    2. 
With  an  argillaceous  cement.     It 
does    not   eifervefce,    and    is  ufed 
for     building,      and    like  wife    to 
fharpen  tools,  to  filter  water,  &c. 
Species  XXVI.     Siliceous  fand,  consoli- 
dated by   femi-phlogifticated  calx 
of  iron.     This  ftone  does  not,  like 
the  foregoing,  fall  into  fand  when 
powdered  ;  it  gives  fire  with  fteel, 
and  does  not  effervefce  with  acids, 
unlefs  it  contains  teftaceous  par- 
ticles.   Its  colour  is  ufually  brown 
or  blackiih,   but  it  grows  reddifh 
or  yellowifh,  and  moulders  by  ex- 
posure to  air.  Meff.  Edward  King, 
and  Gadd,  have  fhewn  that  femi- 
phlogifticated    iron    has  the   pro- 
perty of  agglutinating  earths,  while 
the  fame  metal,  completely  dephlo- 
gifticated,    does    not  poilefs    that 
power. 
To  thefe  Mr.  Kirwan  adds  fix  other  com- 
pound fpecies,  in  which  the  filiceous  earth 
predominates.  The  varieties  referred  to  thefe 
fpecies  are  compounds  frequently  found  in 
mountains  of  ancient  formation  ;  and  it  is 
chiefly  from  the  obfervations  made  by  Mr.  De 

Sauffure 
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SaufTure,  in  the  Alps,  that  the  Englifh  che- 
mift  eftablifhes  the  order  of  this  fupplement. 
Among  thefe  varieties,  we  find  the  different 
granits,  pudding  ftones,  granitello,  grani- 
tier,  porphyry,  gneis,  variolite,  &c. 


CHAP.     IV. 

Concerning  the  Chemical  Analyiis 
of  Earths  and  Stones, 

NOtwithftanding  the  great  attention 
which  for  fome  years  paft  has  been 
paid  to  the  analyfis  of  earths  and  ftones,  it 
muft  be  confeffed  that  we  are  ftill  very  far 
from  poffeffing  a  fufficient  number  of  well 
eftablifhed  facts  to  ferve  as  the  bafis  of  a 
methodical  divifion  of  thofe  fubftances.  It 
is  for  this  reafon,  that  the  chemical  methods 
hitherto  offered  to  the  public  are  fo  different 
from  each  other,  and  this  circumftance 
rendered  it  neceflary  to  exhibit,  in  the  pre- 
fent  work,  the  fyftems  of  three  celebrated 
chemifts,  though  the  interval  between  the 
publication  of  their  refpeclive  works  is  by 
no  means  confiderable. 

The  principal  advantage  derived  from  the 
labours  of  our  cotemporaries  in  their  in- 
quiries into  the  nature  of  earths  and  ftones, 

confifts 
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confifts  in  the  difcovery  of  methods  for  ob- 
taining a  knowledge  of  their  principles. 
The  methods  of  analyzing  thefe  fubftances 
is  rather  complicated,  for  which  reafon  I 
fhall  in  the  prefent  chapter  exhibit  merely 
its  outlines.  In  fact,  if  we  except  the 
action  of  fire,  air,  and  water,  which  may, 
without  difficulty,  be  estimated  by  begin- 
ners, who  have  read  the  former  part  of  this 
work,  there  is  no  part  of  the  general  pro- 
cefs  which  can  be  properly  fpoken  of  in 
this  place  without  a  degree  of  iregularity,  by 
no  means  to  be  admitted  in  a  book  of 
fcience :  for  the  advantageous  ufe  of  faline 
matters  cannot  be  explained  till  the  proper- 
ties of  thofe  bodies  have  been  previoufly 
attended  to.  I  fhall  refer  the  detail  of  the 
methods  of  decomponng  earthy  fubftances 
by  means  of  acids  and  alkalis  to  another  part 
of  this  treatiie. 

When  it  is  propofed  to  examine  into  the 
chemical  nature  of  any  earth  or  ftone,  it  is 
necefiary,  firft,  carefully  to  obferve  its  phyfi- 
cal  properties,  fuch  as  its  figure,  colour, 
weight,  &c.  The  extraneous  matters,  which 
are  always  more  or  lefs  abundant,  muft  then 
be  feparated  by  warning,  or  otherwife,  in 
order  that  the  fubftance  may  be  had  pure 
and  unmixed.  A  ftone  muft  be  reduced  into 
powder  before  its  analyfis  can  be  proceeded 
upon.  The  action  of  fire  is  one  of  the  firft 
tefts  to  which  earths  are  commonly  expofed. 

A  few 
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A  few  ounces  of  the  fubftance  under  ex- 
amination, being  put  into  a  crucible  of  well 
baked  clay,  or  porcelain,  is  heated  in  a 
good  furnace,  fuch  as  that  of  Macquer,  or 
ftill  better  in  the  potter's  or  glafs-maker's 
furnace.  It  muft  be  remarked,  that  the  ar- 
gillaceous earth,  which  constitutes  the  cafe 
or  principal  part  of  the  crucibles  employed 
in  this  operation,  very  often  contributes 
greatly  to  the  change  produced  by  heat  in 
the  included  fubftance.  There  is  not, 
however,  any  method  of  obviating  this  in- 
convenience, which  in  faft  is  of  no  great  con- 
fequencein  the  comparative  analyfis  of  acon- 
fiderable  number  of  ftones.  For  fome  years 
paft  chemifts  have  availed  themfelves  of 
the  blow-pipe  in  the  examination  of  mineral 
fubftances  by  fire,  and  it  is  cc  tainly  of  ad- 
vantage to  employ  this  method  as  well  as  the 
other.  The  mineral  fubftances  are  expofed 
to  the  flame  of  a  lamp  or  candle,  urged  by 
the  blow-pipe,  either  alone  or  mixed  >to- 
gether,  or  with  the  addition  of  certain  fairs 
hereafter  to  be  dtfcfibed.*  The  apparatus 
defcribed  in  my  HJemoires  de  Chimie,  which 
is  calculated  to  throw  a  ft  ream  of  vital  air, 
on  ignited  charcoal,  and  whofe  effedls  are  fo 
considerable,  as  to  equal  thofe  of  the  moil 

*  See  the  Eflfay  on  the  Blow-pipe,  by  Bergman,  annexed 
to  Mongez'  Marine!  &u  Mincralogiftc,  or  Cullen's  Englifh 
Translation  of  Bergman. 

powerful 
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powerful  burning  glaffes,  may  be  advantage- 
oufly  ufed  in  this  inquiry.  Thefe  fmall 
experiments  exhibit  a  greater  or  lefs  degree 
of  fufion,  or  fome  other  changes  of  form, 
colour,  coniiftence,  Sec.  which  are  to  be 
very  accurately  defcribed.  This  trial  by  fire 
mult  be  repeated  in  earthen  retorts,  with  re- 
ceivers, and  likewife  the  pneumato- chemi- 
cal *  apparatus,  in  order  to  collect  the  water, 
and  aeriform  fluids,  which  are  difengaged. 
The  laft  mentioned  produdls  are  not  afford- 
ed, but  by  fuch  faline  earthy  fubitances  as 
are  confidered  by  naturalifts  as  Hones ;  but 
as  thefe  are  often  mixed  with  true  earths,  it 
is  proper  to  mention  in  this  place  the  general 
method  of  examining  them.  The  action  of 
fire  on  ftones,  fhews  whether  they  are  veri- 
fiable, argillaceous,  or  mixed ;  but  as  moil 
ftones  are  of  the  laft  mentioned  kind,  and 
may  contain  feveral  different  fub fiances  to 
the  numbers  of  five  or  fix,  and  thole  in 
various  proportions,  it  becomes  neeeifarv, 
in  almoit  every  inib.nce,  to  make  ufe  of  other 
methods  to  determine  their  compoiition  : 
thefe  procefles  con  fill  in  the  application  of 
a  variety  of  acid  and  alkaline  fol vents,  whofe 
fucceilive    adtion    feparates    the    c  lent 

principles. 

*  For  a  defcription  c  pparatus,  confult  the  arti 

gas  in  the  Diclionaire  c'.c  Chimie,  in  t: 

rent  kinds  of  air;  i  I  de  la  F  .  .  T. 

The 
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The  action  of  air  and  of  the  vapour  of 
water,  on  earthy  fubftances,  may  likewife 
ferve  to  enlarge  our  knowledge  of  their 
nature  and  principles.  Some  earths  are  not 
altered  by  thefe  agents,  others  are  divided, 
and  by  degrees  changed  in  their  form, 
colour,  and  confidence  :  thefe  phenomena 
take  place  more  efpecially  in  very  compound- 
ed ftones,  and  fuch  as  contain  much  iron. 
The  lixiviation  or  wafhing  in  hot  or  cold 
water  ferves,  befides,  to  mew  the  prefence 
of  faline  matters,  often  contained  in  them. 

It  is  by  thefe  different  methods,  that  mo- 
dern chemifts  have  fucceeded  in  determining 
the  nature  and  proportion  of  the  principles, 
which  enter  into  a  coniiderable  number  of 
earths  and  ftones.  A  more  ample  account 
of  this  fubjecl:  will  be  given  in  our  next 
fe&ion  on  faline  fubftances. 


PART 


(    35i     ) 
PART      II. 

SECTION      H. 

SALINE    SUBSTANCES. 

CHAP.     I. 

Concerning  Saline  Subftances  in  ge- 
neral, their  Characters,  Nature, 
and  the  Method  of  claffing  them. 

TH  E  number  of  faline  fubftances  is 
very  confiderable,  and  they  poffefs  pe- 
culiar characters,  by  which  they  are  diftin- 
guifhed  from  the  fubftances  before  treated 
of  in  this  work.  Thefe  characters  are  found- 
ed on  certain  properties,  which  it  muft  be 
confeffed  are  not  accurately  diftinCtive  of 
their  true  nature  :  by  this  means  the  clafs  of 
falts  has  been  extended  too  much,  the  gene- 
ral properties  being  common  to  a  great  num- 
ber of  bodies. 

Tafte  and  folubility  in  water,  which  have 
always  been  given  as  the  characters  of  ialine 
fubftances,  are  properties  of  many  bodies 
which  are  not  faline;  as  for  example,  all 
mucilages,  whether  of  the  vegetable  or  ani- 
mal kingdoms  :  and  on  the  contrary,  thefe 
two  properties  are  fcarcely  perceptible  in 
feveral  faline  fubftances.  Naturalifts  have  not 

fucceeded 
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fucceeded  better  in  their  definition  of  falts. 
The  cryftalline  form  and  tranfparency  v/hich 
feveral  authors  have  affumed  as  characteriftic 
of  this  clafs,  belong  likewife  to  many  other 
matters,  more  efpecially earths, and  are  befides 
wanting  in  fome  of  the  falts.  It  was  there- 
fore with  great  reafon  that  Macquer  afferted, 
that  the  limit  between  faline  matters,  and 
fuch  as  are  not  faline,  is  unknown. 

However,  as  it  is  neceffary  to  come  to 
fome  deciiion  refpecting  thefe  properties,  we 
fhall  give  a  general  account  or  them  before 
we  proceed  to  the  particular  hiftory  of  each 
fait. 

We  admit  as  faline  fubftances,  all  fuch  as 
peffefs  feveral  of  the  four  following  proper- 
ties, i .  A  ftrong  tendency  to  combination. 
2.  A  greater  or  lefs  degree  of  fapidity.  3.  A 
greater  or  lefs  degree  of  folubiiity  in  water. 
4.  Perfect  in  combuflibility.  Before  we 
examine  each  of  thefe  properties  fingly,  it 
muft  be  obferved,  that  the  faline  quality  of 
any  given  body  is  greater,  the  more  of  thefe 
properties  it  pufferies,  and  the  greater  their  in- 
teniity.  It  muft  not,  however,  be  concluded, 
that  fubftances  are  not  of  a  faline  nature, 
becaufe  thefe  properties  are  fcarcely  evident 
in  them ;  as  it  may  often  happen,  that  two 
fpecies,  which  poffefs  them  in  a  very  fmall  de- 
gree, exhibit  them  ftill  lefs  when  they  come 
to  be  united ;  and  there  are  likewife  inftan- 
ces  of  the  contrary  effect  taking  place  5    but 

in 
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in  thefe  cafes,  a  more  varied  application  of 
the  chemical  analyfis,  or  fynthefis,  may  ferve 
to  exhibit  the  faline  properties  more  evi- 
dently. 

§  1.  Concerning  the  tendency  to  com- 
bination, confidered  as  a  character  of  faline 
fubftances. 

The  greater  number  of  falts  have  a  ten- 
dency to  combine  with  many  different  fub- 
ftances. It  is  among  the  falts,  that  the 
moil  adtive  bodies,  with  refpecft  to  combina- 
tion, are  found ;  for  this  reafon  the  chemifls 
have  at  all  times  made  great  ufe  of  them, 
and  have  dignified  certain  falts  with  the 
names  of  folvents  and  menftrua.  This  ten- 
dency to  combination  differs  greatly  in  the 
feveral  fpecies  of  falts :  fome  poffefs  it  in  fo 
intenfe  a  degree,  that  they  corrode,  diffolve,  or 
deftroy  every  thing  they  touch,  and  that  even 
the  vitriflable  and  quartzofe  ftones  cannot 
withftand  their  adtion ;  fuch  are  feveral  of 
the  pure  falts  called  acids  and  alkalis  :  others, 
though  they  do  not  fo  ftrongly  tend  to  com- 
bination, neverthelefs  unite  with  great  rea- 
dinefs  to  feveral  fubftances  :  and  laftly, 
there  are  falts  which  do  not  poffefs  this  pro- 
perty in  any  fenfible  degree  j  as  is  often  ob- 
fervable  in  compound  falts,  whofe  princi- 
ples have  a  ftrong  affinity  with  each  other, 
and  are  mutually  faturated.  It  is  not  to  be 
wondered  that  falts  are  feldom  found  in 
nature  in  a  ftate  of  purity,  when  we  attend 

Vox,.  I.  Z  to 
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to  the  effects  of  this  property,  of  combining 
with  various  fubftances. 

§  2.     Of  Tafte  confidered  as  a  Character  of 
Saline  Subftances. 

Sapidity  has  hitherto  been  confidered  as 
being  fo  far  peculiar  to  faline  fubftances, 
that  many  philofophers  have  concluded  thefe 
bodies  to  poflefs  it  exclufively,  and  that  they 
are  the  principle  of  fapidity  in  all  other 
bodies  :  though  this  opinion  is  not  yet  clear- 
ly proved,  becaufe  there  are  many  bodies  not 
at  all  faline,  as  for  -example,  the  metals, 
which  have  a  very  fenfible  tafte.  But  though 
inftances  may  be  urged,  of  certain  faline 
matters  which  have  fcarcely  any  tafte,  yet 
it  cannot  be  denied,  that  the  moft  eminent- 
ly fapid  bodies  belong  to  this  clafs,  for 
which  reafon  we  have  aflumed  this  proper- 
ty as  one  of  the  leading  characters  of  falts. 
The  fapidity  of  faline  matters  varies  like 
their  other  properties  in  the  different  fpe- 
cies.  In  order  to  determine  its  origin,  and 
more  efpecially  the  caufe  of  the  differences 
of  its  energy,  it  will  be  neceflary  to  fhew 
in  what  it  confifts.  By  fapidity,  we  com- 
monly underftand  an  impreflion  made  on  the 
organs  of  tafte,  by  which  we  determine 
the  good  or  bad  qualities  of  any  fubftance 
with  regard  to  falubrity  j  it  is  therefore 
a  peculiar   a&ion    of  the    fapid    body    on 

the 
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the  nerves  of  the  tongue  and  palate  of 
animals.  But  it  may  be  afked,  whether 
this  property  of  bodies  enables  them  to  adt 
fenfibly  only  on  the  nerves  of  the  tongue, 
and  whether  it  may  not  be  equally  exerted 
on  all  thofe  parts  of  an  animal  which  con- 
tain nerves.  They  who  are  acquainted  with 
the  animal  ceconomy,  cannot  deny  that  the 
adtion,  which  excites  the  fenfation  of  tafte, 
muft  produce  its  effc£k  on  any  nerves  where- 
soever fituated,  and  that  it  muft  be  propor- 
tioned to  the  fenfibility  of  the  fubjecft,  and 
the  organs  to  which  it  is  applied. 

In  this  way  of  confidering  fapidity,  we 
are  naturally  led  to  conclude,  i.  That  its 
impreffion  will  be  fcarcely  fenfible  on  fiich 
parts  of  bodies  as  contain  few  nerves,  or 
whofe  nerves  do  not  poffefs  a  confiderable 
degree  of  fenfibility,  on  account  of  their 
being  covered  :  as  on  the  fkin,  where  they 
are  defended  by  the  reticular  membrane  and 
epidermis.  It  follows  therefore,  that  the 
tafte  of  any  fait  muft  be  very  ftrong  and  ac- 
tive, before  it  can  adl  fenfibly  upon  the  fkin. 
2.  That  the  impreffion  will  be  made  with 
much  more  efficacy  on  thefe  organs,  whofe 
nerves  are  large,  numerous,  and  of  a  form 
proper  to  admit  an  extended  contadt,  or 
more  violent  agitation,  and  whofe  epider- 
mis is  very  thin,  fo  as  to  leave  the  nerves 
almoft  uncovered.  The  fuperior  part  of 
the  tongue,  the  palate,  and  the  whole  in- 
Z  2  ternal 
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ternal  furface  of  the  mouth,  are  capable 
of  perceiving  the  tafte  of  a  great  number 
of  bodies,  which  make  no  impreffion  on 
the  lefs  fenfible  organs  of  the  fkin.  3. 
That  bodies  which  have  no  tafte  when  ap- 
plied to  the  fkin,  or  put  into  the  mouth, 
may  neverthelefs  produce  a  confiderable  effect 
on  parts  more  delicately  organized,  or  whofe 
nerves  poflefs  a  greater  degree  of  fenfibility ; 
as  is  the  cafe  of  the  ftomach  and  inteftines. 
Thefe  confiderations  being  admitted,  we 
may  diftinguifh  three  claffes  of  tafte s,  and 
of  fapid  bodies,  to  which  all  faline  matters 
may  be  referred.  The  firft  clafs  comprehends 
falts  of  the  ftrongeft  tafte,  capable  of  acting 
on  the  fkin ;  the  impreffion  of  this  tafte  is 
fo  ftrong,  as  to  cauie  very  acute  pain,  and 
if  its  action  be  continued  for  a  certain  time, 
the  organization  of  the  fkin  is  entirely  de- 
ftroyed.  This  tafte  is  caufticity,  and  the  falts 
which  poffefs  it  are  called  cauftic.  The 
fecond  clafs  comprehends  thofe  whofe  fapi- 
dity  is  of  a  mean  degree  of  intenfity,  and  is 
not  to  be  perceived  but  by  the  organs  of 
tafte  ;  thefe  are  commonly  diftinguifhed 
by  different  names,  as  bitter,  aftringent, 
acid,  acrid,  urinous,  &c.  In  the  third  clafs, 
we  fhall  arrange  faline  fubftances,  whofe 
tafte  is  fenfible  only  in  the  ftomach  and  in- 
teftines :  thefe  are  not  numerous.  It  muft 
be  obferved,  that  there  are  many  degrees  in 
each  of  thefe  claffes,  by  which  bodies  differ 
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from  each  other  in  intenfity  of  tafte.  Thus  a- 
mong  cauftic  falts,  lbme  a£t  much  more 
ftrongly  than  others;  the  former  immediately 
deflroying  the  organization  of  bodies,  while 
the  latter  require  a  more  confiderable  fpace 
of  time  to  produce  the  fame  effedl.  This 
obfervation  applies  likewife  to  the  bitter,  af- 
tringent  and  urinous  falts,  as  well  as  to  thofe 
which  have  no  fenfible  adtion  but  on  the 
nerves  of  the  ftomach.  Hence  we  are  natu- 
rally led  to  the  conclufion,  that  the  feveral 
taftes  are  degrees  of  the  fame  property,  from 
the  moft  cauftic,  to  that  whofe  action  is  too 
feeble  to  be  perceived,  but  on  the  highly 
fenfible  organs  of  the  ftomach  ;  and  this 
reflection  feems  to  fhew,  that  all  taftes  owe 
their  origin  to  one  and  the  fame  caufe. 

To  determine  the  caufe  of  fapidity,  it  will 
be  proper  to  coniider  its  ftrongeft  degree, 
that  we  may  better  diftinguifh  the  pheno- 
mena, and  deduce  its  mode  of  adtion  ;  the  in- 
quiry therefore  relates  to  the  caufe  of  caufti- 
city ;  a  property  which  has  always  been  a  fub- 
jed:  of  conjecture  among  chemifts.  Lemery 
obferving  that  very  hot  bodies  are  excef- 
iively  cauftic ;  and  likewife,  that  fuch  falts, 
as  polfefs  this  property,  have  been  fub- 
jedted  to  a  ftrong  degree  of  heat  in  their 
preparation,  attributed  the  property  of  cau~ 
fticity  to  the  particles  of  fire,  which  he  fup- 
pofed  to  be  depofited  among  the  particles  of 
bodies.  Mr,  Baunae  efpoufed  this  opinion. 
Z  3  Meyer, 
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Meyer,  an  apothecary  of  Ofnaburgh,  after 
making  a  feries  of  inquiries  into  the  nature 
of  cauftic  falts,  conftructed  an  ingenious 
fyftem,  or  hypothefis,  to  which  many  che- 
mifts  have  been  much  attached,  though  at 
prefent  it  is  held  in  no  efteem.  This  philofo- 
pher  attributed  caufticity  to  a  principle  which 
he  confidered  as  a  compound  of  fire,  and  a 
peculiar  acid ;  this  he  denominated  caufti- 
cum,  or  acidum  pingue,  after  the  ancient 
chemifts.  He  purfued  this  principle  through 
its  tranfitions  and  combinations,  as  Stahl 
had  done  before  with  his  phlogifton;  but 
his  fyftem  was  defective  in  the  fame  man- 
ner as  that  of  Stahl,  as  he  did  not  fucceed 
better  in  proving  the  exiftence  of  his  caufti- 
cum,  than  Stahl  did  that  of  his  phlogifton. 
Dr.  Black,  whofe  refearches  were  directed 
to  the  fame  fubjects  as  thofe  of  Meyer,  gave 
the  finishing  ftroke  to  his  doctrine,  by  clear- 
ly (hewing,  that  the  caufticity  of  lime  and 
alkalis,  far  from  being  owing  to  the  addition 
of  any  principle,  as  Meyer  thought,  arifes, 
on  the  contrary,  from  the  fubftraction  of  an 
elaftic  fluid,  which  we  fhall  hereafter  de- 
fcribe  under  the  name  of  the  cretaceous 
acid. 

Macquer  is  beyond  controverfy  the  che- 
mift,  whofe  inquiries  into  the  caufe  of  caufti- 
city have  been  attended  with  the  greateft 
fuccefs.  The  doctrine  explained  by  hinron 
this  fubject,  in  his  Chemical  Dictionary,  is 

fo 
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Co  clear,  and  eftablifhed  on  fuch  conclufive 
fadts,  that  it  is  impoffible  to  forbear  affent- 
ing  to  his  opinion.  After  obferving  that 
cauftic  bodies  corrode  and  deftroy  our  or- 
gans, by  combining  with  their  constituent 
principles,  he  remarks,  that  in  proportion  as 
this  combination  proceeds,  the  cauftic  body 
by  degrees  lofes  its  force,  and  that  it  ceafes 
to  be  fuch,  as  foon  as  it  has  diflblved  as 
much  of  the  animal  matter  as  it  is  capable 
of  uniting  with.  Thus  it  is  that  the  pure 
fixed  alkali,  or  lapis  caufticus,  corrodes  the 
fkin  on  which  it  is  applied,  and  after  a  cer- 
tain time  becomes  faturated,  and  ceafes  to 
aft.  Caufticity  therefore  depends  on  the  ten- 
dency to  combination,  and  the  effedt  of  this 
force  on  our  organs,  is  merely  the  refult  of 
a  combination  of  the  cauftic  matter  with 
the  matter  of  which  the  organs  are  formed  ; 
in  the  fame  manner  as  cauftic  bodies  lofe 
their  efficacy,  when  combined  with  any 
other  fubftance  with  which  they  have  a  ten- 
dency to  unite.  The  raoft  taftelefs  fait  owes 
its  want  of  caufticity,  to  its  being  already 
faturated  with  fome  other  fubftance,  and  its 
tafte  will  be  rendered  ftronger,  by  the  fepa- 
ration  of  that  fubftance,  as  the  whols  feriea 
of  chemical  fafts  evinces. 


§  2^ 
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§  3.     Concerning  Solubility,   confidered  as 
a  Character  of  Saline  Bodies. 

Solubility  in  water  has  been  affumed 
by  all  chemifts,  as  one  of  the  leading  pro- 
perties of  falts.  Yet  this  property,  like  that 
of  tafte,  or  the  tendency  to  combination,  is 
fubjedt  to  great  varieties.  In  fome  falts  it  is 
fo  powerful,  that  they  cannot  be  deprived  of 
the  laft  portions  of  water  they  contain, 
but  by  elaborate  proceffes  long  continued. 
Others  have  only  a  mean  degree  of  folubi- 
lity,  which  may  be  afcertained  with  confi- 
derable  accuracy,  as  is  the  cafe  with  the 
neutral  falts.  And  laftly,  there  are  certain 
faline  matters,  which  are  fo  little  folu- 
ble,  that  they  even  feem  in  this  refped:  to 
belong  to  the  clafs  of  earths,  and  have  in 
fadt  been  confidered  as  fuch  by  naturalifts. 
The  limits  between  thofe  two  claries  of  mine- 
ral bodies  are  very  difficult  to  be  determined, 
and  chemifts  are  not  agreed  on  this  head. 
Mr.  Kir  wan,  in  his  mineralogy,  appears  to 
have  adopted  the  opinion  of  Bergman,  who 
thinks  that  all  fubftances,  which  require 
more  than  one  thoufand  parts  of  water  for 
their  folution,  ought  to  be  ranked  among 
earths  ;  and  that  all,  which  are  more  foluble, 
ought  to  be  efteemed  as  falts.  If  this  pro- 
portion fhould  be  received  among  chemifts, 
as  I  think  it  deferves  to  be,  we  (hall  avoid 
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the  diverfity  of  opinions  and  of  language, 
which  has  hitherto  prevailed,  to  the  dif- 
couragement  and  hindrance  of  fuch  as  en- 
ter into  the  ftudy  of  this  fcience. 

There  is  the  fame  correfpondence  between 
the  tafle  and  folubility  of  falts,  as  there  gl" 
between  this  laft  property,  and  the  tenden- 
cy to  combination.  For  the  folubility  in 
water  is  an  immediate  confequence  of  the 
tendency  to  combination,  and  muft  there- 
fore follow  the  fame  laws.  It  is  found, 
that  the  more  tafte  and  activity  any  fait  pof- 
felfes,  the  more  foluble  it  is  in  water,  and 
this  general  fad:  depends  on  their  refpec- 
tive  nature  and  properties. 

§  4.     Of  Incombuftibility,    confidered    as 
a  Chara&er  of  Saline  Bodies. 

It  is  more  difficult  to  acquire  a  clear  idea 
of  this  property  of  faline  bodies,  than  the 
others  we  have  been  fpeaking  of.  They 
have  not  yet  been  confidered  by  any  chemift 
in  this  point  of  view;  and  many  writers 
have  afferted,  that  fome  falts,  and  among 
them  nitre,  are  truly  combuflible. 

To  mew  the  fallacy  of  this  opinion,  and 
to  prove  that  all  mineral  falts  are  perfectly 
incombuftible,  would  require  a  more  inti- 
mate knowledge  of  the  properties  of  thefe 
fubftances,  than  the  reader  can  yet  be  fup- 
pofed  to  poffefs.     Yet  as  we  are  of  opinion, 

that 
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that  this  chara&er  of  falts  is  one  of  the  moft 
evident,  and  the  moft  neceffary  to  be  known, 
it  will  be  proper  in  this  place  to  exhibit  a 
fhort  account  of  the  doftrine  we  hold  re- 
fpefting  it,  which  will  be  explained,  and 
incontrovertibly  eftablifhed  in  the  accounts 
we  fhall  hereafter  give  of  the  refpe&ive  fa- 
line  fubftances.  The  valuable  experiments 
of  Mr.  Lavoifier  fhew,  that  many  combuft- 
ible  matters  aiFord  a  refidue  after  combuf- 
tion,  confifting  of  an  acid  of  a  peculiar  na- 
ture. Combuftion,  as  we  have  already  ex- 
plained, is  nothing  more  than  a  combina- 
tion of  the  bafe  of  vital  air  with  combuf- 
tible  bodies.  All  bodies  which  have  been 
burned,  or  are  combined  with  the  bafe  of 
air,  enter  into  the  clafs  of  incombuftible 
bodies ;  or  which  is  the  fame  thing,  their 
tendency  to  combine  with  this  bafe  being 
fatisfied,  they  are  no  longer  capable  of  paf- 
fing  through  the  procefs  a  fecond  time. 
Thefe  principles  being  once  admitted,  if 
it  be  found  that  many  falts  are  the  refi- 
dues  of  various  combuftible  matters  which 
have  been  burned ;  and  moreover,  if  all  falts 
are  found  to  contain  the  bafe  of  pure  air, 
and  poffefs  the  characters  of  fubftances 
which  have  paflfed  through  the  procefs  of 
combination,  it  will  eafily  be  conceived 
that  they  cannot  be  combuftible.  Thefe 
aflertions  are  founded  on  a  great  number 
of  fads,   as   will   hereafter  be   feen  ;    and 

they 
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they  evince  that  falts  are  very  compounded 
fubftances,  moil  of  them  being  formed  by 
the  union  of  certain  combuftible  bodies  with 
the  bafe  of  pure  air.  And  it  will  likewife 
be  understood  with  equal  racility,  that  this 
character  of  incombuftibility  may  be  con- 
fidered  as  the  mod  certain  and  invariable 
property  of  faline  matters.  The  complete 
proof  of  the  important  affertions  here  thrown 
out,  will,  we  hope,  appear  in  the  moft  fatif- 
fadtory  manner  in  thofe  parts  of  our  work, 
wherein  we  can  with  propriety  enter  more 
largely  into  this  fubject. 

It  mull  be  confeiled,  that  there  are  feve- 
ral  falts,  to  which  we  cannot  apply  our  rea- 
foning  in  fo  conclufive  a  manner;  but  of 
thefe  we  may  make  the  fame  inferences  by 
analogy,  as  the  force  of  fadts  compels  us  to 
do  refpedting  the  others  :  and  this  analogy 
gives  us  reafon  to  expedl,  that  it  will  not 
be  long  before  every  part  of  this  theory 
will  be  firmly  eftabliihed  upon  experimental 
proof. 

§  5.     Concerning  the  Nature  and  Compe- 
tition of  Saline  Subftances  in  general. 

Stahl,  who  paid  great  attention  to  the  na- 
ture of  faline  bodies,  was  of  opinion  that 
they  are  formed  of  water  and  earth.  He 
colledted  every  fadt  which  was  known  in  his 
time,  and  applied  them  to  the  illuftration  of 
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his  fublime  theory.  But  that  period  of  im^ 
provement  has  been  fucceeded  by  another, 
in  which,  by  the  multiplicity  of  experi- 
ments, and  the  magnitude  of  the  difcoveries, 
concerning  the  influence  of  air  in  chemical 
phenomena,  the  theory  of  falts  as  invent- 
ed by  Stahl,  and  explained  with  great  per- 
fpicuity  by  Macquer,  is  no  longer  found  ade- 
quate to  the  explanation  of  the  nature  and 
composition  of  thofe  bodies. 

Though  the  chemical  nature  of  falts  is 
not  yet  perfectly  underftood,  and  the  gene- 
ral facts  will  not  permit  us  to  affert,  that 
one  fingle  principle  is  the  caufe  and  origin 
of  all  faline  bodies,  as  many  eminent  philo- 
fophers  have  thought ;  yet  it  muft  be  ad- 
mitted, that  we  are  better  acquainted  with 
their  compofition  than ,  formerly.  It  is 
known  that  they,  for  the  moft  part,  contain 
a  very  great  quantity  of  vital  air,  and  that 
this  fluid  is  fixed  in  combination  with  com- 
buftible  matter,  of  a  different  nature  in  the 
different  kinds  of  falts.  There  are  Sufficient 
proofs  that  many  acids  are  thus  compofed ; 
and  it  may  be  flrongly  prefumed  by  analogy, 
that  alkalis  are  compounded  nearly  in  the 
fame  manner.  As  to  the  matter  of  fire  ad- 
mitted to  exift  in  falts  by  many  chemifts, 
there  is  too  much  uncertainty  refpecting  its 
nature,  and  even  its  exiitence,  to  juftify  the 
adoption  of  any  decided  opinion.  Laftly, 
the  prefence  of  earth  in  falts,  is  not  ihewn 
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by  any  direct  experiment.  It  is  true  that 
all  falts,  as  found  in  nature,  are  vitiated  by 
the  addition  of  earthy  matter ;  but  this  is 
merely  accidental,  and  by  no  means  a  necef- 
fary  or  effential  component  part.  All  that  is 
at  prefent  known  concerning  the  general 
principles  of  faline  bodies  therefore  is,  that 
they  contain  vital  air  united  to  combuftible 
bodies ;  that  falts  are  moftly  the  refidues  of 
bodies  which  have  fuffered  combuftion ;  and 
that  the  proportion  of  thefe  two  bodies,  and 
of  courfe  the  properties  thence  refulting,  are 
fufceptible  of  great  variation.  Every  doctrine 
laid  down  in  treatifes  of  chemiftry,  refpect- 
ing  the  compofition  of  falts  in  general, 
muft  amount  to  nothing  more  than  is  here 
given ;  or  if  it  proceed  further,  it  muft  be 
entirely  hypothetical,  and  moft  probably 
falfe. 

§  6.     Concerning  the  Distribution,  or  Me- 
thodical Diviiion  of  Mineral  Salts. 

Thofe  falts,  which  belong  to  the  mineral 
kingdom,  are  very  numerous;  many  of  them 
are  the  products  of  nature,  and  are  formed 
by  the  action  of  fire,  water,  and  air,  and  by 
the  deftruction  of  organized  bodies ;  the 
greater  number  however  are  formed  by  art, 
or  at  leaft  have  not  yet  been  found  among 
natural  products.  The  methodical  treat- 
ment of  thefe  fubftances,  requires  that  they 
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fhould  be  divided  into  orders,  genera,  and 
fpecies,  as  has  been  already  done  with 
earths  and  ftones  ;  we  fhall  clafs  all  mineral 
faline  matters  into  two  orders. 

The  firft  contains  fuch  faline  fubftances 
as  are  reckoned  fimple ;  we  have  called  them 
primitive  falts,  becaufe  they  fcrve  to  com- 
pofe  the  falts  of  the  fecond  order.  The 
following  order  contains  fecondary,  com- 
pound, or  neutral  falts,  which  are  formed  by 
the  mutual  combination  of  the  fimple 
falts. 

Each  of  thefe  orders  is  divided  into 
genera  and  fpecies ;  the  mineral  kingdom, 
as  far  as  our  prefent  knowledge  extends, 
contains  nine  genera,  and  fifty-four  fpecies 
of  falts,  either  fimple  or  compound;  this 
number  will  be  much  more  confiderable, 
when  certain  fubftances,  lately  examined, 
fhall  be  better  known,  as  we  fhall  obferve 
at  the  end  of  this  fe&ion. 


CHAP, 


PRIMITIVE    SALTS.  367 


CHAP.      II. 

Concerning  the  three  Salino-terref- 
trial  Subftances. 

Order  I.     Simple  or  Primitive  Salts. 

XX7E  diftinguifh  thofe  falts  by  the  name 
**  of  fimple  or  primitive,  which  were 
formerly  thought  to  be  fo  by  all  chemifts  ; 
but  as  accurate  experiments  have  proved  that 
they  are  for  the  moft  part  compounded,  we 
muft  here  take  notice,  that  they  cannot  with 
propriety  be  called  fimple,  except  when 
compared  with  the  falts  of  the  fecond  order  : 
the  epithet  primitive  is  more  accurate,  be- 
caufe  thefe  compofe,  when  united,  the  falts 
which  we  call  fecondary.  We  divide  this 
order  into  three  genera,  comprehending  fa- 
line  terreftrial  fubftances,  alkalis,  and  acids. 
The  prefent  chapter  contains  an  account  of 
the  former,  and  is  followed  in  the  fucceed- 
ing  chapters  by  the  hiftory  of  acids  and  al- 
kalis. 

Genus  I.     Salino-terreftrial  Subftances. 

The    three    fubftances    which    compofe 
this    genus    have  hitherto  been  considered 

as 
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as  earths,  whofe  characters  manifeftly  re-* 
femble  thofe  of  falts. 

The  obvious  faline  properties  they  exhi- 
bit, together  with  the  properties  of  earths* 
in  a  lefs  evident  degree  than  either  the  filice- 
ous  or  argillaceous  earths,  has  induced  us  to 
place  them  before  the  falts,  that  they  may 
ferve  as  a  connecting  link  between  the  lat- 
ter and  earths,  from  which  they  likewife 
differ,  in  their  much  ftronger  tendency  to 
combination. 

It  muft  be  obferved,  that  the  falino-terref- 
trial  matters,  as  well  as  the  primitive  falts, 
concerning  which  we  are  about  to  fpeak,  are 
fuppofed  to  be  perfectly  pure,  though  they 
are  never  met  with  in  that  ftate  without  previ- 
ous artificial  procefTes.  Of  thefe  procefTes, 
however,  we  cannot  yet  fpeak  confiften  tly  with 
regularity ;  the  hiftory  of  neutral  falts  will 
fhew  the  chemical  methods  of  decompofing 
them,  as  well  as  the  fimple  or  primitive 
falts. 

This  firft  genus  contains  three  fpecies. 

Species  I.     Ponderous  Earth. 

Ponderous  earth  received  its  name  from 
Meffrs.  Gahn  and  Scheele,  Swedifh  chemifts, 
who  firft  difcovered  its  combination  with  the 
vitriolic  acid,  with  which  it  forms  a  very 
ponderous  fait.  M.  de  Morveau  calls  it  ba- 
rote,    which    Bergman   has    tranflated   into 

Latin 
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Latin,  by  the  term  barytes ;  its  fpecific  gra-* 
vity  exceeds  4000,  according  to  Kirwan* 
This  earth  is  never  found  in  a  ftate  of  purity  : 
MefTrs.  Margraaf  and  Monnet  imagined  it 
to  be  of  the  nature  of  abforbent  or  calcare- 
ous earth*  The  latter,  however,  obferved 
that  it  poffeffes  certain  peculiar  properties, 
and  was  inclined  to  confider  it  as  a  peculiar 
earth.  It  has  not  hitherto  been  much  exa- 
mined in  its  uncombined  ftate.  The  com- 
pounds it  forms  with  acids,  and  its  affinities, 
afford  the  means  of  diftinguifliing  it  from 
every  other  fubftance. 

Pure  ponderous  earth  obtained  by  theme* 
thods  hereafter  to  be  defcribed,  is  of  a  pulve- 
rulent form,  extremely  fine,  and  of  a  white 
colour.  I  have  not  obferved  that  it  impref- 
fes  the  fenfe  of  any  peculiar  tafte  on  the 
tongue. 

It  is  not  yet  known  whether  the  action  of 
light  alters  its  colour. 

The  ordinary  fire  of  our  furnaces  is  ifi- 
fufficient  to  melt  it;  it  communicates  a  blue 
or  greenifh  colour  to  the  crucible  in  which 
it  is  heated,  and  is  itfelf  lightly  tinged  with 
the  fame  colour  :  a  property  that  appears  to 
depend  on  the  mutual  action  exerted  between 
this  earth  and  clay.  Mr.  D'Arcet  averts,  that  a 
very  violent  heat  melts  it  in acrucible  either  of 
clay  or  iron.  Expofed  to  the  air,  its  weight 
increafes,  and  it  combines,  though  very 
flowly,   with  the  cretaceous  acid  of  the  at- 

Vol.   L  A  a  mofphere; 
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mofphere  ;  the  effect  of  vital  air  on  this  fub- 
ftance  is  not  known. 

It  is  foluble  in  water,  though  very  fpa- 
ringly,  900  parts  of  the  fluid  being  requir- 
ed to  fufpend  one  part  of  ponderous  earth. 
Water,  thus  faturated,  gives  a  fable  green 
colour  to  the  tincture  of  violets.*  This  fo- 
lution  expofed  to  the  air  becomes  covered 
with  a  thin  pellicle,  which  if  taken  away, 
is  from  time  to  time  renewed;  the  cretaceous 
acid  contained  in  the  atmofphere  combining 
with  the  ponderous  earth,  and  caufing  this 
phenomenon,  which  is  fimilar  to  what  hap- 
pens with  lime-water  in  like  circumftances. 
The  fame  folution,  evaporated  to  drynef9, 
leaves  the  ponderous  earth,  from  whofe 
weight  the  folubility  of  this  fubftance  may 
be  eftimated.  The  neceffity  of  ufing  dif- 
tilled  water  in  this,  as  well  as  in  every  che- 
mical procels  where  accuracy  is  required,  is 
fufficiently  obvious. 

Ponderous  earth  has  no  fenfible  action  ei- 
ther in  the  dry  or  humid  way  on  iiliceous  or 
argillaceous  earth. -f 

This 


*  Tincture  of  violets  is  a  folution  of  the  colouring  matter  of 
thefe  flowers  in  water  ;  the  frefh,  or  newly  made  tinclure,  is 
a  much  nicer  tcft  than  the  fyrup  of  violets  ;  but  as  the  fyruj) 
may  be  employed  in  many  cafes  to  exhibit  the  prefence  of 
faiine  matter,  we  (hall  have  frequent  occafion  to  mention 
it  inftead  of  the  tinclure.     F. 

r  It  is  proper  to  obferve  in  this  place,  that  for  the  fake 
of  order,  I  do  not  fpeak  of  the  combination  of  two  bodies 

till 
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This  falino-terreftrial  fubftance  is  found 
lefs  abundantly  in  nature  than  either  of  the 
others  of  that  defcription.  Some  modern 
chemifts  fuppofe  it  to  be  a  metallic  calx,  as 
Bergman  long  iince  fufpecled  from  its  weight, 
and  that  of  the  compounds  into  which  it 
enters,  as  well  as  from  the  precipitate  it 
forms,  when  the  Pruffian  alkali  is  added  to 
its  acid  folution.  It  is  aiTerted  that  Mr. 
Gahn,  a  difciple  of  this  celebrated  chemift, 
has  fucceeded  in  obtaining  this  lubftance  in 
the  form  of  a  regulus;  but  the  fact  requires 
confirmation.  Its  intimate  nature  is  yet  un- 
known ;  as  no  one  has  fucceeded  either  in 
feparating  its  principles,  or  imitating  it  by 
compofition. 

Ponderous  earth,  in  a  flate  of  purity,  has 
not  been  applied  to  any  uieful  purpoie ;  its 
iblutions  in  acids  are  employed  as  re-agents, 
as  will  be  more  fully  fhewn  hereafter. 

Species  It.     Magnefia. 
Magnefxa  is  ufually  obtained  from  Epfom 

til]  each  has  been  fir  ft  fingly  defcribed.  In  conformity 
with  this  rule,  I  have  not  in  the  hiftorv  of  ponderous 
earth  taken  notice  of  the  changes  it  fuffers  bv  com- 
bination with  other  bodies,  except  light,  fire,  air,'  water, 
vitrifiable  and  argillaceous  earths  ;  becaufe  thefe  are  the 
only  fubltances  yet  treated  of:  its  other  combinations 
will  therefore  be  treated  of  as  we  advance.  This  order 
potteries  the  double  advantage  of  being  very  methodical, 
and  of  facilitating   the  prcgreis   of  the  learner.     F. 

A  a  2  iUt, 
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fait,  and  abounds  in  the  mother  water  of 
nitre,  and  in  a  great  number  of  ftones,  &c. 
It  is  not  found  pure  in  nature,  but  almoft  al- 
ways in  combination  with  an  acid.  Black 
is  the  firft  chemift  who  made  an  accurate 
distinction  between  this  fubftance  and  lime. 
Magnelia  obtained  in  a  ftate  of  purity  by 
the  methods  to  be  defcribed  in  future,  is  in 
the  form  of  a  very  fine  powder,  confide- 
rably  refembling  flour  in  its  appearance 
•  and  feel ;  its  fpecific  gravity  is  about  2,33, 
according  to  Kirwan  ;  it  has  no  fenfible  tafte 
on  the  tongue,  but  appears  to  act  on  the 
ftomach,  for  it  is  a  flight  purgative;  it  gives 
a  faint  greenifh  colour  to  the  tincture  of 
violets,  and  converts  turnfole  to  a  blue.  The 
action  of  light  on  magnefia  has  not  been 
accurately  noticed,  but  it  does  not  appear  to 
be  confiderable.  When  expofed  to  a  violent 
heat  it  does  not  melt,  according  to  the  experi- 
ments of  M.  D'Arcet.  Macquer  has  ob- 
ferved  likewife,  that  it  remains  unchanged 
in  the  focus  of  the  burning  lens  of  the  gar- 
den De  L'Infante.  M.  De  Morveau  ob- 
ferved  the  fame  refult,  after  expofing  mag- 
nefia for  two  hours  to  the  moft  violent  heat 
of  Macquer's  furnace.  Mr.  Butini,  who 
has  published  a  fet  of  valuable  inquiries  into 
the  nature  of  the  magnefia  of  Epfom  fait, 
has  obferved  that  this  fubftance  contracts  in 
its  dimenfions  by  a  ftrong  heat,  fo  that  its 
particles  become  fufiiciently  hard  to  fcratch 

iron. 
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iron.  It  is  alfo  affirmed  that  a fmall  cube  form- 
ed out  of  a  parte  of  magnefia  and  water,  ex- 
pofed  to  the  focus  of  Parker's  lens,  contracted 
fuddenly  in  all  its  dimenfions  :  this  property- 
mould  feem  to  point  out  fome  refemblance 
between  magnefia  and  clay,  with  which  it 
is  often  found  naturally  combined,  as  has 
been  obferved  in  the  hiftory  of  fteatites,  af- 
beftos,  ferpentine,  &c, 

Magnefia  heated   in   a  retort  lofes  nothing 
but  the  water  it  contained;  but  at  the  fame 
time   it  acquires   a   confiderable   degree  of 
phofphorefcence,  as  Mr.  Tingry,  apothecary 
at  Geneva,  has  obferved.    Expofed  to  the  air, 
it  remains  long  without  alteration.     M.  Bu- 
tini  placed   10  grains   of  calcined   magnefia 
in  a  porcelain  faucer  covered  with  a  paper  in  a 
dry  chamber,  and  after  near  two  years  it  had 
gained  no  more  in   weight  thari  about   the 
eighth  of  a  grain.     It  appears  to  combine 
very  flowly  with  the  cretaceous  acid  of  the 
atmofphere.     It  is  very  fparingly  foluble  in 
water  :  4  ounces  and  a  quarter  of  pure  water 
being  left  in  a  bottle  for  three  months,  to- 
gether with  one  eighth  of  an  ounce  of  cal- 
cined  magnefia,   firfb   boiled   together  with 
the  fluid,  afforded  M.  Butini  a  refidue  by 
evaporation,  which  he  eftimated  to   be  the 
one  fourth  of  a  grain. 

Mr.  Kirwan  aflerts,  that  it  requires  7692 

times  its  weight  of  water  to  difiblve  it  in 

the  ordinary  temperature  of  the  atmofphere; 

A  a  3  that 
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that  is  to  fay,  about  60  degrees  of  Fahren- 
heit's thermometer.  Notwithstanding  this 
difficulty  of  folution,  magnefia  forms  a  kind 
of  pafte  with  water.  This  pafle  is  not  duc- 
tile, but  is  eafily  broken,  and  the  water,  is 
foon  feparated  either  by  heat,  or  the  con- 
tact of  dry  air :  the  folution  of  magnefia 
has  no  feniible  tafte,  and  fcarcely  alters  the 
colour  of  fyrup  of  violets. 

The  action  of  magnefia  on  the  pure  earths 
is  not  yet  well  known  ;  it  is  decided,  how- 
ever, that  it  cannot  be  fufed  with  either  the 
filiceous  or  argillaceous  earths  fingly,  but 
it  may  with  both  together. 

The  mutual  action  between  this  and  the 
ponderous  earth  has  not  been  inquired  into. 

The  intimate  nature  of  magnefia  is  not 
more  known  than  that  of  ponderous  earth  ; 
there  is  no  experiment  which  can  be  urged 
to  prove  that  it  is  a  modification  of  any 
other  earthy  or  faline  fubftance,  as  certain 
chcmills  have  imagined.  No  one  has  yet 
fucceeded  in  feparating  magnefia  into  its 
component  parts  ;  neither  has  it  yet  been 
formed  by  fyflthefis  :  in  the  pre  fen  t  ftate  of 
chemiftry  it  muft  therefore  be  conlidered  as 
a  iimple  fubftance. 

Pure  magnefia,  which  Dr.  Black  calls 
cauftic,  is  employed  in  medicine,  as  an 
abforbent  and  purgative.  It  is  to  be  pre- 
ferred to  the  -ordinary  magnefia  in  thofe  cafes 
wherein  acidities  abound,  becaufe  the  creta- 
ceous 
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ceous  acid  contained  in  the  latter  is  difen- 
gaged  by  the  acids  in  the  firft  paflages,  and 
produces  flatulences,  with  all  their  numer- 
ous attendant  confequences  :  it  preferves 
flefh  for  a  long  time,  and  even  reftores  pu- 
trified  bile.  Mr.  Bergman  attributes  to  it 
the  property  of  rendering  camphor,  opium, 
refins,  and  gum  refins,  foluble  in  water ; 
though  pure  magnefia,  as  we  have  obferved,  is 
itfelf  fcarcely  foluble  in  that  fluid  :  thefe  pre- 
parations of  Bergman  are  unknown  in  France, 

Species  III.     Quick  Lime. 

Quick  lime  is  a  white  fubftance,  whofe 
parts  cohere  more  ftrongly  together  than 
thofe  of  the  two  fubftances  laft  treated  of; 
it  is  ufually  in  the  form  of  a  Hone,  of  a 
dirty  white  j  its  tafte  is  burning,  acrid, 
and  urinous ;  and'  is  fufticiently  ftrong  to 
caufe  inflammation  when  applied  to  the  fkin  ; 
its  fpecific  gravity  is  about  2,3,  and  it  is 
pulverulent  and  friable.  It  is  found  native 
in  the  vicinity  of  volcanos,  as  Mr.  Monnet 
obferved  among  the  mountains  of  Auvergne. 

Lime  converts  the  fyrup  of  violets  to  a 
much  deeper  green  than  is  produced  either 
by  ponderous  earth  or  magnefia ;  it  even 
almoft  deftroys  this  colour,  and  converts  it 
it  into  a  dirty  yellow. 

Lime  expofed  to  a  very  violent  heat,  as 

for  example,  that  of  a  glals-houfe,  fuffers  no 

A  a  4  alteration. 
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alteration.  Parker's  burning  glafs,  however, 
appears  to  have  produced  a  flight  commence- 
ment of  fufion,  though  the  lime  was  placed 
on  a  fupport  of  charcoal  :  its  extremities  are 
fometimes  melted  when  expofed  to  a  ftrong 
heat  in  a  crucible  of  clay  ;  but  this  effect  is 
produced  by  the  mutual  action  of  the  two 
earths  on  each  other. 

Lime  expofed   to  the  air  fwells,  breaks, 
and  is  reduced   to  powder,    its  bulk  being 
confiderably  increafed:   it  is  then  called  lime 
flaked  in  the  air.    This  change  takes  place 
more    quickly,    accordingly   as    the    air  is 
more  humid  ;   it  is  attended  with  heat,  and 
the  dilatation  is  fufficiently  ftrong  to  burfl 
cafks     in     which     lime    is    contained.       If 
this  fubftance  be  examined  after  being  flak- 
ed, by  expofure  to  air,  it  is  found  to  con- 
fift  of  a  very  fine  white  powder,  remarkably 
increafed  in  weight,  while  the  intenfity  of 
its   tafte    is    diminished.      This    change    is 
principally  owing  to  the  water  contained  in 
the  atmofphere,  which  has  a  ftrong  tendency 
to  unite  with  the  lime  :   if  flaked   lime  be 
heated  in  a  retort,  it  returns  to  its  original 
ftate.      The  action  of  water  on  quick  lime 
is  very  ftrong.   When  a  final!  quantity  of  this 
fluid   is  poured  on    lime   it   is  quickly  ab- 
forbed,  the  lime  appearing  as  dry  as  before  : 
after  a  fhort  interval  of  time  it  burfts  into 
pieces,  producing  a  degree  of  heat  fufficient  to 
reduce  the   water  into  vapours,  with  a  re* 

markable 
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markable  hiffing  noife.     Thefe  vapours  ap- 
pear in  the  form  of  a  white  fmoke,  and  have 
a  peculiar  fmell :   the  lime  foon   falls  into  a 
white  powder ;   the  heat,   the  agitation,  and 
the  vapours  gradually  difappearing.      If  this 
extinction  be  made  during   the  night,  or  in 
a  dark  place,  many  luminous  points  are  ob- 
ferved  on  the  furface  of  the  lime.    All  thefe 
phenomena  are  confequences  of  the  activity 
with  which  this  falino-terreftrial   fubftance 
unites   with  water  ;   but  in  order  that  they 
may  take  place,   it  is  required  that  no  more 
water  be  ufed  than  the  lime  can  very  quickly 
abforb,  fo  as   to   become  immediately  dry. 
It  feems  that  the  difengagement  of  heat  from 
thefe  two  bodies  changes  their  ftate,  and  that 
flaked  lime  in  its   pulverulent   form,  con- 
tains water  in  a  dry  and  folid  ftate.    This  dry 
ftate  of  water,  which   takes  place  in  many 
combinations,  attended  with  heat,  and  which 
produces  folid   compounds,    whofe   fpecific 
heat  is  lefs  confiderable  than  before,  has  not 
been  enough  attended  to  by  chemifts,  or  to 
fpeak  more  properly,  has    been  totally  un- 
obferved   till    lately.      When    lime,  in   this 
experiment,  has  abforbed  as  much  water  as 
it  can  combine  with  and  remain  dry,  it   is 
called   dry   flaked   lime  -y  it  then  no  longer 
produces    heat    by  the   addition    of  water, 
but  is   diftblved   without  any  fenfible    mo- 
tion, if  the  quantity  of  water  be  confider- 
,able.     The  white  opake  fluid,  or  mixture, 

is 
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is  called  milk  of  lime;  if  the  quantity  of  water 
be  ftill  greater,  the  lime  is  perfectly  diffolved, 
and  the  liquor  becomes  tranfparent.  Mr. 
Kirvvan  affirms,  that  680  parts  of  water  are 
required  to  diffolve  one  of  lime,  at  the 
temperature  of  60  degrees. 

This  folution,  which  is  known  by  the 
name  of  lime-water,  is  clear  and  limpid;  its 
fpeciflc  gravity  fcarcely  exceeds  that  of  com- 
mon water ;  its  tafte  is  acrid  and  urinous ; 
and  it  readily  converts  fyrop  of  violets  to  a 
green.  By  evaporation  in  clofed  veffels, 
very  pure  water  is  obtained,  the  quick  lime 
remaining  behind  ;  but  a  red  heat  is  necef* 
fary  to  feparate  the  laft  portions  of  water, 
which  are  retained  with  great  force:  after 
this  treatment,  the  lime  becomes  heated  by 
the  addition  of  fmall  quantities  of  water  as 
before. 

Lime-water  expofed  to  the  air  becomes 
covered  by  a  dry  pellicle,  which  gradually 
increafes  in  thicknefs  and  folidity  :  if  this 
pellicle  be  taken  away,  a  fecond  is  formed, 
and  after  that  a  third,  and  fo  forth,  till  the 
whole  of  the  water  is  evaporated.  Theie 
pellicles  have  been  improperly  called  cream 
of  lime ;  it  was  formerly  thought  to  be  a 
peculiar  fait  formed  by  the  union  of  the  moll 
iiibtle  part  of  the  calcareous  earth  united  to 
water  ;  and  much  has  been  written  concern- 
ing this  pretended  fait  of  lime.     But  it  is 

now 
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now  admitted,  fince  the  experiments  of  the 
celebrated  Black,  that  the  faline  properties 
of  cream  of  lime  are  lefs  intenfe  than  thofe 
of  the  lime  itfelf;  and  that  it  is  a  peculiar 
neutral  fait  compofed  of  lime,  and  an  acid 
extracted  out  of  the  atmofphere.  We  mail 
fpeak  of  this  fait  under  the  name  of  chalk. 

Lime  combines  with  vitrifiable  earth  in 
the  humid,  as  well  as  in  the  dry  way.  When 
land  is  mixed  with  lime  newly  flaked,  or 
with  quick  lime  fprinkled  with  a  fmall 
quantity  of  water  at  the  time  of  mixing, 
thefe  two  bodies  become  confiftent,  and 
form  what  is  called  mortar.  The  ftate  and 
quantity  of  the  lime,  as  it  is  more  or  hfs 
perfectly  calcined ;  its  previous  flaking, 
with  a  greater  or  lefs  quantity  of  water,  or 
the  flaking  of  it  at  the  time  of  mixture  ;  the 
nature  of  the  land  with  regard  to  its  magni- 
tude, its  angular  or  round  figure,  as  well 
as  its  degree  of  moiiture,  produce  very  con- 
fiderable  differences  in  the  feveral  kinds 
of  mortars.  Clay  baked  into  bricks,  or 
pouzzalana,  which  is  clay  baked  by  vol- 
canic fires,  and  altered  by  expofure  to  air, 
aFe  likewife  added  to  lime  in  the  making 
of  mortar.* 

*  Confult  Les  recherches  de  M.  de  la  Faye,fur  la  prepa- 
ration que  les  romains  donnoient  a  la  chaux,  Paris  1777 
&  17785  the  firft  and  fecond  parts.     F. 
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Though  lime,  as  well  as  filiceous  earth, 
be  perfectly  infulible  alone  ;  yet  if  they  be 
heated  together,  the  proportion  of  the  for- 
mer being  much  the  greateft,  they  melt,  as 
has  been  obferved  by  Meffrs.  D'Arcet  and 
Gerhard.  Lime  likewife  ferves  as  a  flux 
to  one  third  of  its  weight  of  clay  :  it  appears 
to  have  a  ftronger  affinity  with  this  earth, 
than  with  filex,  as  Kirwan  informs  us.  The 
mixture  of  thefe  three  fubftances  melts  ftill 
more  eafily  and  completely,  than  lime  with 
either  of  them  fingly;  fo  that  one  part  of 
lime  and  one  of  clay,  will  ferve  to  fufe  two 
parts,  or  even  two  and  a  half  of  filiceous 
earth  :  this  fact  fhews  the  caufe  why  many 
hard  ftones  giving  fire  with  fteel,  and  of  a 
quartzofe  nature,  melt  when  expofed  to  a 
ilrong  heat ;  the  combination,  or  fimple 
mixture  of  calcareous  earth  and  clay,  is  the 
caufe  of  their  vitrefcibility. 

The  mutual  action  of  lime  and  ponderous 
earth  is  not  yet  known. 

One  part  of  calcareous  earth  enters  into 
fufion  with  half  a  part  of  magnefia :  the 
glafs,  formed  by  this  mixture,  afterwards 
diffolves,  and  completely  melts  a  quantity  of 
filiceous  earth,  equal  to  the  lime  it  contains ; 
equal  parts  of  filiceous  earth,  magnefia  and 
lime,  melt  therefore  by  heat  into .  a  perfect: 
glafs. 

The  intimate  nature  of  lime  is  not  known. 
The  early  chemifts,  defirous  of  explainingly 

phyfical 
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phyfical  reafoning,  the  phenomena  exhibited 
by  lime  in  its  combinations,  and  more  efpe- 
cially  in  its  extinction,  referred  its  caufe  to 
the  particles  of  fire  fixed  in  the  calcareous 
ftone  during  its  calcination.  This  was  the 
theory  of  Lemery.  M.  Meyer  did  not  admit 
that  pure  fire  was  capable  of  combining  in 
this  manner,  and  therefore  afierted,  that  it 
exifted  in  lime  united  with  a  peculiar  acid : 
this  fubtle  kind  of  fulphur  was  the  acidum 
pingue,  or  the  caufticum  of  this  chemift;  but 
his  doctrine,  though  occafionally  brought 
forward  under  different  names,  has  been 
overthrown  by  a  feries  of  experiments,  which 
have  completely  fhewn  its  falfity.  Many  mo- 
dern chemifts  believe,  that  the  matter  of  heat 
exifts  in  a  combined  date  in  lime,  and  that 
the  light  perceived  by  Meyer  and  Mr.  Pel- 
letier,  with  the  ebullition,  the  evaporation 
of  the  water,  and  the  peculiar  fmell  during 
the  extinction  of  the  lime,  are  confequen- 
ces  of  its  difengagement;  but  this  opinion 
muft  continue  to  be  merely  hypotheti- 
cal, till  it  fhall  be  demonftrated  that  heat, 
confidered  as  matter,  exiits  in  all  thofe  phe- 
nomena, which  may  be  well  explained,  by 
confidering  it  as  nothing  more  than  a  modi- 
fication of  bodies.  Thefe  obfcrvations  (hew, 
that  the  principles  and  composition  of  lime 
are  yet  unknown,  and  that  v/e  cannot,  with 
any  certainty,  decide  whether  it  is  the  pro- 
duct of  an  attenuation,  or  peculiar  prepara- 
tion 
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tion  of  the  verifiable  or  argillaceous  earths"; 
though  that  opinion  appears  probable  to  fome 
of  the  greateft  naturalifts.  It  cannot  in  fact  be 
doubted,  but  that  it  is  formed  by  marine  ani- 
mals, and  that  its  conftituent  parts  are  unit- 
ed and  combined  in  the  water,  during  the 
life  of  thefe  organic  beings ;  but  nothing 
further  can  be  added  on  the  fubjecl,  which 
deferves  the  attention  of  fuch  as  dedicate 
themfelves  to  ftudies  which  demand  accu- 
racy, and  who  prefer  the  knowledge  of  facts 
to  mere  fuppofition. 

Lime  is  employed  in  a  great  number  of 
arts,  and  efpecially  in  building.  In  medi- 
cine, diluted  lime-water  is  adminiftered  with 
fuccefs,  in  the  cure  of  ulcers,  &c.  it  has 
been  efteemed  as  a  powerful  lithontriptic; 
but  repeated  trials  have  (hewn,  that  it  is  not 
always  attended  with  the  defired  fuccefs, 
and  that  its  ufe,  long  continued,  produces  an 
alteration  in  the  animal  fluids  of  a  fcorbutic 
or  feptic  nature. 


CHAP.       III. 

Genus  II.     Alkaline  Salts. 

E    place    alkalis   before  acids,    becaufe 
they  appear   to  be   more   fimple,  lefs 
eafily  decompofed,  and  refemble  the  falino- 

terreftrial 
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terreftrial  fubftances  in  their  properties. 
They  have  a  urinous,  burning,  and  cauftic 
tafte  ;  turn  the  fyrup  of  violets  to  a  green  ; 
give  out  heat  on  being  united  with  water ; 
abforb  the  acid  contained  in  the  air; 
diffolve  earths ;  and  have  a  ftrong  tendency 
to  combination.  Three  fpecies  of  alkalis 
are  known  ;  vegetable  fixed  alkali ;  mineral 
fixed  alkali ;  and  volatile  alkali. 

Species  L     Vegetable  fixed  Alkali. 

Vegetable  fixed  alkali  is  fo  denominated, 
becaufe  it  is  found  in  large  quantities  in  the 
vegetable  kingdom,  though  it  is  likewife 
found  in  the  mineral  kingdom  -y  it  is  ufually 
called  fait  of  tartar,  or  pot-afh,  becaufe  thefe 
two  fubftances  greatly  abound  with  it.  The 
vegetable  fixed  alkali,  in  a  ftate  of  purity, 
was  not  known  before  the  difcoveries  of 
Dr.  Black. 

This  fait,  when  pure,  is  dry,  folid,  and 
of  a  white  colour;  its  tafte  is  fo  ftrong,  that 
it  deftroys  the  texture  of  the  fkin.  It  in- 
ftantly  converts  the  colour  of  fyrup  of  vio- 
lets to  a  much  deeper  green,  than  lime- 
water  produces  in  that  fubftance,  and  this 
green  is  quickly  deltroyed  and  converted 
to  a  brown  yellow. 

The  a&ion  of  light  on  the  vegetable  al- 
kali is   not   known. 

Expofed 
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Expofed  to  heat  in  clofed  veffels,  it  foon 
becomes  foft,  and  melts  at  the  commence- 
ment of  ignition  ;  if  it  be  then  poured  out 
on  a  frriooth  ftone,  or  metallic  plate,  it  con- 
cretes into  an  opake  brittle  mafs.  It  is  not 
decompofable  by  heat,  and  becaufe  it  is 
not  volatalized,  except  in  a  very  ftrong  heat, 
fuch  as  that  of  a  glafs-houfe,  it  is  called 
fixed.  It  diffolves  a  portion  of  the  earthen 
veffels  in  which  it  is  heated. 

Expofed  to  the  air,  it  ftrongly  attra&s 
humidity,  becoming  liquid,  and  gradually 
affuming  the  ftate  of  a  neutral  fait,  by  com- 
bining with  the  acid  of  the  atmofphere.  This 
isthecaufeof  the  augmentation  of  weight,  and 
the  property  of  eftervefcing  with  acids,  which 
it  acquires  by  fuch  expofure.  To  preferve  it 
in  a  ftate  of  purity,  it  mull  be  kept  in  well 
clofed  veffels,  entirely  filled  with  it. 

The  vegetable  fixed  alkali  diffolves  in  wa- 
ter with  great  facility,  producing  at  the 
fame  time  a  high  degree  of  heat,  and  exhal- 
ing a  fetid  lixivious  tafte :  its  folution  is 
colourlefs,  and  affords  no  precipitate,  when 
the  fait  is  very  pure.  If  it  be  deli  red  to  fe- 
parate  it  from  its  folvent,  the  water  muft  be 
evaporated  to  drynefs,  in  clofed  veffels ;  for 
if  the  operation  be  made  in  open  veffels,  it 
attracts  the  acid  contained  in  the  air,  and 
becomes  effervefcent.  This  abforption  is  fo 
rapid,  that  it  is  fcarcely  pofhble  to  leave  the 
folution  of  this  fait  expofed  to  the  air,  with- 
out 
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out  its  being  partly  neutralized  :  the  fame 
alteration  takes  place  if  it  be  kept  in  a  bot- 
tle, which  it  only  fills  in  part,  and  which  is 
often  opened. 

In  the  dry  way  it  combines  with  vitreous 
or  quartzofe  earths,  and  forms  by  fufion  the 
tranfparent   body  called  glafs.     This  body 
has  different  properties,  according  to  the  re- 
lative quantities  of  fand,  and  fixed  alkali  it 
contains.     If  two  or  three  parts  of  fait  be 
ufed    to  one  of  earth,  a  foft  glafs  is   pro- 
duced, Vhich  attracts   the  humidity  of  the 
air,  becomes  opake,  and  at  laft  fluid.     This 
glafs  is  foluble  in   water,   by  virtue  of  the 
fuperabundant  alkali  it  contains;  and  the  fo- 
lution  is  called  liquor  of  flints :  in  procefs 
of  time  it  depofits  a  portion  of  the  earth 
it  contains,  in  white  femi-tranfparent  flakes, 
of  a  mucilaginous  appearance,  and  fo  light, 
that  they  fubfide  very  flowly.     Acids  feize 
the  alkali,  and  precipitate  the  earth.    In  or- 
der that  this  precipitation  may  be  well  per- 
formed, the  liquor  of  flints  mufl  not  be  too 
much  diluted;  for  in  this  cafe  the  particles 
of  earth  are  in  a  flate  of  fuch  extreme  divi- 
fion,  that  they  remain  fufpended  in  the  li- 
quid, which  mult  be"  evaporated,  before  any 
fenfible  fubfidence  can  take  place.     Several 
chemifts  think  that  the  earth  of  flints,  thus 
obtained,  has  been  changed  in   confequence 
of  its  union  with  alkalis  ;  they  imagine  that 
it  refembles  argillaceous  earths,  and  is  capa- 
Vol.  I%  B  b  ble 
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ble  of  uniting  with  acids,  and  forming  argil- 
laceous falts :  this  was  the  opinion  of  Pott 
and  Beaume,  but  Scheele  has  ftiewn,  that  this 
feluble  portion  of  the  earth  precipitated 
from  the  liquor  of  flints,  is  obtained  from 
the  veffel  of  clay  in  which  the  quartzofe  earth 
and  alkali  are  fufed. 

The  art  of  making  glafs,  is  a  procefs  in- 
tirely  chemical :  the  purity  of  the  two  fub- 
ftances,  their  proportion,  and  their  com- 
plete fufion,  by  the  application  of  heat  fuf- 
ficiently  ftrong  and  long  continued,  srre  con- 
ditions indifpenfably  neceffary  for  producing 
glafs,  which  fhall  be  hard,  tranfparent,  with- 
out bubbles,  and  unalterable  in  the  air.  We 
(hall  hereafter  have  occafion  to  take  notice 
of  different  fubftances  added  to  the  fand  and 
alkali,  to  increafe  their  fufibility,  and  io 
produce  glafs  of  a  due  degree  of  weight; 
tranfparency,  and  other  properties  adapted  to 
the  ufe  it  is  intended  for. 

Fixed  vegetable  alkali  does  not  act  fo 
ilrongly  on  pure  clay,  as  on  quartzofe  earth; 
but  the  difference  has  not  been  accurately 
afcertained. 

This  fait  appears  capable  of  combining 
with  ponderous  earth,  magnefia,  and  lime; 
but  thefe  combinations  have  not  been  much 
inquired  into. 

Though  the  vegetable  alkali  has  not  yet 
been  decompofed,  yet  there  are  many  facts 
which  tend  to  fhew  that  it  is  not  a  fimple 

fubftance. 
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fubftance.  Stahl,  who  confidered  the  fimple 
falts  as  products  of  the  union  of  water  and 
earth,  imagined  that  fixed  alkali  differs  from 
acids,  only  in  its  containing  the  latter  or 
earthy  principle  more  abundantly;  from  this 
confideration  he  explained  its  drynefs,  and 
other  diitinctive  properties.  It  is  probable 
that  vegetable  alkali,  as  well  as  all  other  falts, 
confifts  of  a  combuftible  body,  united  with 
air;  fince  Rouelle  has  obferved,  that  vege- 
tables, by  burning,  afford  more  alkali  than 
in  their  natural  ftate.  This  alkali,  in  many 
cafes,  acts  like  acids,  which  are  known  to 
contain  pure  air  in  large  quantities;  for  it 
calcines  metals,  burns  combuftible  matters, 
&c.  We  do  not  however  propofe  this  but 
as  an  hypothefis  not  yet  proved,  though  it 
may  ferve  to  explain  feveral  facts. 

The  vegetable  fixed  alkali  is  employed  in 
furgery  to  corrode  the  fkin,  and  to  produce 
inflammation  and fuppuration  in  certain  cafes. 

Species  II.     Mineral  fixed  Alkali. 

The  name  of  mineral  fixed  alkali  is  given 
to  a  faline  fubftance,  which  poiTerles  the 
fame  general  characters  as  the  foregoing,  and 
is  found  in  great  quantities  united  with  a 
peculiar  acid  fait,  in  the  waters  of  the  fea, 
and  in  many  fprings.  It  is  likewife  obtain- 
ed from  vegetables,  though  much  lefs  fre- 
quently than  the  preceding.     This  fait  has 

B  b  2  been 
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been  called  marine  alkali,  becaufe  it  is  one 
of  the  component  parts  of  marine  or  com- 
mon fait ;  it  is  alfo  called  fait  of  foda,  be- 
caufe it  is  moft  frequently  obtained  from  that 
plant.  The  mineral  fixed  alkali,  when  pure, 
has  as  ftrong  and  as  cauftic  a  tafte  as  the  ve- 
getable alkali ;  it  produces  an  equally  intenfe 
green  in  fyrop  of  violets  :  its  form  is  dry 
and  folid. 

It  melts  at  the  commencement  of  ignition ; 
a.  violent  heat  volatilizes  it ;  it  adls  on  almoft 
every  kind  of  veifel  in  which  it  is  heated. 

Expofed  to  the  air  of  the  atmofphere,  it 
attracts  the  humid  vapours,  as  well  as  the 
aerial  acid,  and  gradually  becomes  neutrali- 
zed. The  a&ion  of  the  oxyginous  principle, 
or  vital  air,  on  this  fait,  is  not  known. 

It  diflblves  in  water,  producing  heat, 
and  emitting  a  fetid  lixivial  odour.  Eva- 
poration in  clofed  veflels,  is  the  only 
method  of  recovering  it  in  a  ftate  of  purity 
from  its  folution ;  and  for  the  fame  reafons 
as  were  mentioned  in  treating  of  the  vege- 
table alkali,  it  muft  be  preferved  in  well 
clofed  vefTels  entirely  full. 

The  mineral  fixed  alkali  combines  readily 
with  verifiable  earths  in  the  dry  way, 
and  forms  glafs.  Glafs-makers  have  ob- 
ferved,  that  this  fait  produces  a  more  fufi- 
ble  and  folid  glafs  that  the  vegetable  alkali ; 
for  which  reafon  they  prefer  it  in  the  manu- 
facture of  that  commodity,  Laftly,  this  al- 
kali, 
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kali,  like  the  vegetable  fixed  alkali,  combines 
with  acids,  and  with  a  great  number  of 
bodies  hereafter  to  be  treated  of. 

From  thefe  properties  it  may  be  obferved, 
that  the  difference  between  the  two  fixed 
alkalis,  in  a  ftate  of  purity,  is  not  very  con- 
siderable, and  that  their  refpedtive  properties 
can  only  be  known  with  certainty,  from  their 
combinations.  When  united  with  the  fame 
acid  they  produce  neutral  falts  exceedingly 
different  in  all  their  properties;  a  circum- 
stance which  feems  the  more  Singular,  as  it 
is  abiblutely  impoflible  to  point  out  any 
difference  between  them  in  their  pure  and 
cauitic  ftate.  Bergman  adds,  as  a  diftinguifh- 
ing  property  of  thefe  two  falts,  that  their 
affinity  with  acids  is  not  the  fame;  that  of 
the  vegetable  fixed  alkali  being  the  Stronger, 
fo  that  it  is  capable  of  decomposing  falts, 
whofe  bafe  is  the  mineral  alkali.  This  fub- 
jc&  will  again  come  under  examination, 
when  we  fpeak  of  fecondary  falts. 

The  intimate  nature  or  compofition  of 
the  mineral  fixed  alkali,  is  not  more  known 
than  that  of  the  vegetable  fixed  alkali. 

It  is  ufed  in  the  making  of  glafs,  foap,  and 
other  compounds. 

Species  III.     Volatile  Alkali. 

The  volatile  alkali  is  distinguished  from 
the  two  foregoing,  by  its  Strong  and  fuffo- 
cating   fmell,    and    its    Angular    volatility. 

Like 
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Like  the  fixed  alkalis,  this  fait  was  not 
known  in  its  ftate  of  purity,  before  the 
ingenious  experiments  of  Black  and  Prieft- 
ley  ;  that  which  was  confidered  as  fuch, 
is  a  fpecies  of  imperfect  neutral  fait, 
in  a  folid  and  cryflalized  form,  poffeffing 
fome  of  the  properties  of  volatile  alkali,  but 
really  compofed  of  two  faline  fubftances  : 
the  character  or  property  of  effervefcing 
with  acids,  which  was  formerly  attributed 
to  the  volatile  alkali,  belongs  only  to  this 
neutral  fait. 

The  liquid  known  in  chemical  labora- 
tories, by  the  name  of  cauftic,  or  fluor  vola- 
tile alkali  ;  and  in  pharmacy,  by  that  of  vola- 
tile fpirit  of  fal  ammoniac  ;  confifts  of  this 
alkali  diiTolved  in  water.  Dr.  Prieftley  has 
fhewn,  that  by  the  help  of  a  gentle  heat, 
this  liquor  may  be  made  to  give  out  a  per- 
manent gas ;  and  that  the  water  deprived  of 
this  gas,  lofes  its  alkaline  properties.  This 
aeriform  fluid  is  the  pure  volatile  alkali,  and 
is  known  by  the  name  of  alkaline  gas. 
Macquer  has  well  obferved,  that  this  body 
muft  be  examined,  in  order  to  arrive  at  a 
knowledge  of  the  properties  of  the  volatile 
alkali. 

To  obtain  this  elaftic  fluid,  a  certain  quan- 
tity of  the  alkaline  fpirit  is  put  into  a  fmall 
retort,  or  matrafs  of  glafs.  A  recurved 
tube  is  adapted  to  this  veflel,  and  the  ex- 
tremity of  the  tube  is  plunged  beneath  the 

mercury 
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mercury  of  a  pneumato-chemical  apparatus ; 
a  veffel  of  glafs  filled  with  the  fame  metal- 
lic fluid,  being  inverted  over  its  orifice. 
The  bottom  of  the  retort  or  matrafs  is  then 
heated,  by  means  of  burning  charcoal,  or  the 
flame  of  fpirit  of  wine.  The  firft  portion  of 
elaftic  fluid,  confifting  chiefly  of  the  common 
air  contained  in  the  veffel  and  tube,  is  fuf- 
fered  to  efcape,  and  when  the  ebullition  of 
the  fluid  is  ftrong,  the  gas  is  to  be  collected. 
The  diftillation  muft  not  be  urged,  fo  as  to 
caufe  the  water  to  pafs  in  the  form  of  va- 
pour, or  a  fmall  veffel  fhould  be  affixed  in 
the  middle  of  the  tube  of  communica- 
tion, which  being  kept  cool,  may  ferve 
to  condenfe  the  aqueous  vapour,  and  caufes 
the  alkaline  gas  to  pafs  in  a  very  pure  and 
dry  ftate. 

The  alkaline  gas,  obtained  by  this  pro- 
cefs,  refembles  air  in  its  tranfparency  and 
elafticity,  as  long  as  it  is  kept  above  the 
mercury.  It  is  rather  lighter  than  the  air 
of  the  atmofphere ;  its  fmell  is  penetrating, 
and  its  tafte  is  acrid  and  cauftic ;  it  readily 
and  ftrongly  changes  the  blue  colour  of  vio- 
lets to  a  green,  but  the  alteration  produced, 
is  lefs  than  when  pure  alkalis  are  ufed ;  it 
deftroys  animal  life,  and  corrodes  the  fkin, 
if  expofed  for  fome  time  to  its  action. 

Though  it  is  incapable  of  maintaining 
combuftion,  and  extinguifhes  bodies  which 
are  already  on  fire,  yet  it  increafes  the  mag- 
nitude 
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nitude  of  the  flame  of  a  taper  before  extinc- 
tion, producing  a  pale  yellow  colour  round 
its  edge,  which  proves  that  alkaline  gas  is 
partly  inflammable.  -  • 

It  is  abforbed  by  porous  bodies,  fuch  as 
charcoal,  fpunge,  &c. 

Prieftley  has  difcovered,  that  the  eleftric 
fpark  paffing  through  alkaline  gas,  increafes 
its  volume  to  three  times  its  former  quan- 
tity, and  changes  it  into  inflammable  gas  j 
the  caufe  of  this  change  is  not  yet  known. 
But  it  feems  that  the  alkaline  gas  is  decom- 
pofed  in  this  operation. 

Alkaline  gas  is  one  of  the  elaftic  fluids 
which  are  the  mofl  fufceptible  of  dilatation 
by  heat. 

Atmofpheric  air  does  not  combine  with 
alkaline  gas,  but  only  mixes  with  and  di- 
lutes it  :  the  adtion  of  vital  air  on  this  gas 
has  not  yet  been  examined. 

Water  quickly  abforbs  alkaline  gas  ;  if 
the  water  be  frozen,  it  immediately  becomes 
fluid,  and  produces  cold  ->  whereas,  on  the 
contrary,  fluid  water  becomes  heated  by 
combination  with  this  gas.  Water  faturated 
with  gas  is  known  by  the  name  of  fluor  and 
cauftic  volatile  alkali  :  we  apprehend  that 
this  folution  may  be  called  volatile  alkaline 
fpirit,  in  the  fame  manner  as  the  folution  of 
marine  acid  gas  is  called  fpirit  of  fait.  We 
fhall  hereafter   fee   that   the   ftrongeft  and 

mofl: 


VOLATILE    ALKALI.  393 

mod  pure  alkaline  fpirit  is  produced  by  fa- 
turating  diftilled  water  with  this  gas. 

Alkaline  gas  has  no  fenfible  a&ion  on 
earths,  or  on  the  falino-terreftrial  fubftances. 
Its  a&ion  on  acids,  and  many  neutral  falts, 
is  very  confiderable. 

The  alkaline  fpirit  has  the  fame  properties 
as  the  gas  it  holds  in  folution,  but  not  in 
fo  eminent  a  degree ;  becaufe  the  gafeous 
being  much  lefs  ftrong  than  the  fluid  ag- 
gregation, the  tendency  to  combine,  will, 
according  to  one  of  our  laws  of  affinity,  be 
much  more  ftrong  in  the  gas  than  in  the  al- 
kaline fpirit. 

Volatile  alkali  has  been  confidered  as  a 
combination  of  fixed  alkali  with  a  combufti- 
ble  fubftance.  This  conjecture  was  founded 
on  the  confideration  that  volatile  alkali  is 
produced  in  many  circumfbnees  by  heating 
fixed  alkali  with  inflammable  matters  ;  but 
it  was  not  known  whether  the  fixed  alkali 
entered  as  a  principle  into  the  compofuion 
of  the  volatile  alkali,  or  whether  it  did  not 
afford  a  peculiar  principle,  which,  by  com- 
bining with  a  portion  of  combuftible  mat- 
ter, produces  that  fait.  Our  knowledge  re- 
fpedting  the  nature  of  volatile  alkali  is  at 
prefent  fomewhat  more  extended.  The  fine 
experiment  of  Dr.  Prieftley,  who  changed 
alkaline  gas  into  inflammable  gas,  by  the 
eledtric  fpark,  has  caufed  feveral  chemifts 
to  fufpedt  that  the  latter  is  one  of  the  prin- 

Vol.  I.  C  c  ciples 
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ciplcs  of  volatile  alkali.  Mr.  Berthollet, 
by  a  feries  of  experimental  inquiries, 
has  fucceeded  in  proving  that  this  fait 
is  a  compofition  of  aqueous  inflammable 
gas,  and  atmofpheric  mephitis  or  phlogifli- 
cated  gas.  He  was  led  to  this  conclufion 
by  the  action  of  dephlogifticated  or  aerat- 
ed marine  acid  on  the  alkaline  fpirit,  by 
the  decompofition  of  ammoniacal  nitre  in 
clofed  veffels,  and  by  the  reduction  of  me- 
tallic calces  effected  by  means  of  alkaline 
gas.  Thefe  fads  will  be  exhibited  more 
at  length  in  the  hiftory  of  the  compound 
fubftances  to  which  they  relate.  We  fhall 
confine  our  obfervation  in  this  place  to  the 
facts,^  that  when  combinations  of  the  calces 
of  copper  and  of  gold  are  heated  with  alkaline 
gas,  water  and  phlogifticated  gas,  or  at- 
mofpheric mephitis  are  obtained,  and  the 
metals  are  reduced.  In  thefe  operations  the 
volatile  alkali  is  decompofed,  its  inflamma- 
ble gas  feizes  the  vital  air  of  the  metallic 
calces  with  which  it  forms  water ;  the  me- 
tals remain  pure,  and  the  phlogifticated  gas, 
or  atmofpheric  mephitis,  the  other  princi- 
ple of  volatile  alkali,  is  fet  at  liberty.  From 
thefe  experiments,  of  which  we  fhall,  in 
the  courfe.  of  the  prefent  work,  give  a  more 
ample  account,  Mr.  Berthollet  concludes, 
that  volatile  alkali  contains  fix  pr.rts  of  at- 
mofpheric mephitis,  and  one  of  inflam- 
mable gas, 

The 
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The  volatile  alkali,  diluted  with  water, 
is  ufed  in  a  great  number  of  diforders ;  it  is 
aperient,  and  powerfully  incifive.  It  adts 
firongly  on  the  fkin  j  it  is  prefcribed  as  a 
remedy  for  the  bite  of  vipers,  and  for  cu- 
taneous, and  venereal  diforders,  &c. 

As  this  fubftance  is  acrid  and  cauftic,  it 
ought  not  to  be  ufed,  but  with  particular 
care.  Externally  applied,  it  is  found  ex- 
ceedingly ferviceable  in  difcuffing  tumours, 
efpecially  fuch  as  are  formed  by  coagulat- 
ed milk,  lymph,  &c.  It  readily  cures 
burns,  and  is  often  and  fuccefsfully  em- 
ployed in  the  cure  of  chilblains,  &c.  It 
has  been  constantly  ufed  under  different 
names,  as  a  very  aftive  ftimulant  in  fyn- 
copes,  apoplexies,  &c.  Its  ufe  in  the 
latter  cafe  ought  to  be  in  very  moderate 
quantities ;  it  is  not  prudent  to  adminif- 
ter  it  internally,  without  previous  dilu- 
tion in  a  conliderable  quantity  of  water. 
Dangerous  excoriations  have  been  pro- 
duced in  the  oefophagus,  and  the  mem- 
branes of  the  ftomach,  by  the  volatile  al- 
kali being  given  without  this  precaution.* 

*  M.  de  Morveau  propofes  to  call  the  vegetable  fixed 
alkali  by  the  name  of  pot-am  (potalTe)  ;  the  fixed  mineral 
alkali  by  the  name  of  foda  (foude)  ;  and  the  volatile  alkali 
by  the  name  of  ammoniac.  Thefe  denominations  have 
the  advantage  of  rendering  the  nomenclature  of  neutral 
falts  uniform  and  eafy.     Confult  our  fecond  volume.     F* 

End  of  Volume  the  First. 
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